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Abstract 
This dissertation was written as a part of the MSc in Energy Building Design at the In-
ternational Hellenic University. 
This study will try to tackle the ever-affecting problems of energy poverty and global 
warming by designing a Zero Energy Community (ZEC) in Thessaloniki, Greece. In the 
first part, it will be explained what ZEC means from a technical and social perspective, 
and its importance for the future generations, from a financial and environmental point 
of view. In the second part, the main barriers behind the design and realization of such a 
community will be presented, providing also previous studies that tried to address all 
these. 
Moving on, and focusing on the technical part, a suitable Hybrid Energy System (HES) 
utilizing renewable energy, natural gas or grid energy and storage will be designed. So, 
in the third part the simulation program will be shown, along with all the different sys-
tem components of the smart design. In the fourth part different HRESs will be simulat-
ed, both off-grid and grid-connected, in order to find all possible optimum scenarios that 
produce as little energy as possible that the community’s buildings need. The fifth part 
of our dissertation will be dedicated to the results and the sensitivity analysis. More ac-
curately, comparison between optimal systems according to cost, sustainability and en-
vironmental impact will be made, and four different values will be studied as to how 
much they affect the optimization results. The final section will be the conclusions. 
I would like to thank my supervisor Dr. Dionysia Kolokotsa, all my colleagues in the 
Msc program as well as my family and friends that supported me in this long but inspir-
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1 Introduction 
Energy autonomy and sustainable development have been in the forefront of govern-
ments and municipalities for many years. To achieve these goals, companies and schol-
ars alike have worked to create and promote technologies that can provide energy in the 
most extreme circumstances with the least amount of environmental impact. As a result, 
over the last years, systems like Renewable Energy Sources (RES), energy storage sys-
tems and smart controls have seen outstanding progress.  
For example, communities connected to a central power grid susceptible to blackouts 
and outages or off-grid distanced communities suffering from energy poverty, managed 
to satisfy some of their energy needs and reduce their carbon footprint by producing and 
consuming on-site renewable energy with smart technologies. Great examples of these 
are the Bronzeville Community of the Future [1], the Brooklyn Microgrid [2] and Intro-
spective Systems’ Isle Au Haut project [3]. However, these Smart Energy Systems [4], 
which are large enough to satisfy the 24/7 energy demand, still have a lot of barriers. As 
stated in a 2018 report from Kariuki [5], these include technical, social-cultural and fi-
nancial-economic, and originate mostly from developing regions, like Africa and India 
[6], [7]. 
In developed countries, however, where the largest global portion of energy is con-
sumed (Figure 1) [8], people and communities have already realized the benefits of re-
newable energy. In a case study of 2018 applied in an urban municipality of Greece, for 
the willingness of people to pay for renewable energy [9], it was found that approxi-
mately 50% knows of solar and wind power, 51,5% consider environmental protection 
as their most important benefit, and more than one third are willing to pay for it in their 
electricity bill. EU has also tried to properly inform the general public of sustainable 
energy through campaigns and actions [10], [11]. According to a JRC Report [12], 
through these moves, and towards the goals of the Paris Agreement [13], many different 
municipalities and communities around EU, like Helsingborg, Sweden and Stadtwerk, 
Austria, have made commitments to become carbon neutral and fossil fuel free in the 
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next years. Should they accomplish those goals they will become Zero Energy Commu-
nities (ZEC). 
 
Figure 1 Primary energy consumption by world region 
Following their approach, this study will try, through software simulations, to design 
both an off-grid and grid-connected smart system capable of providing enough energy 
to an urban district in Thessaloniki, Greece. The first one will be a Hybrid Energy Sys-
tem (HES) that will consist of renewable generation, like Photovoltaics/Wind, and a 
natural gas generator, paired with battery storage and a smart controller. The second 
will replace the generator with the grid, in a net metering scheme. After finding the op-
timal sustainable system for both cases, their operation through a multiple years-period 
will be presented, in order to study their feasibility. Also, a sensitivity analysis will be 
conducted in regards to energy prices, capacity shortage and renewable percentage. 
1.1 Limitations 
This dissertation will mostly focus on the electricity consumption of multi-family build-
ings as the main energy factor that needs optimization. Unfortunately, because of some 
limitations in the software that will be utilized, energy used for heating and cooling of 
buildings cannot be directly simulated. However, considering homes with heat pumps 
and Air Conditioning units, their electricity consumption could be determined, with 
great accuracy. Furthermore, energy for transportation of community’s residents will 
not be included in the simulations, even if Electric Vehicles (EVs) are considered a 
great solution for energy storage. 
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2 Zero energy communities-
Literature review 
This part will introduce the main concepts around energy autonomy, zero energy build-
ings and communities, smart grids and microgrids. It will also be about what the aca-
demic literature has offered till now towards the implementation of renewable and smart 
systems both in the urban and decentralized environment. 
2.1 Definition-Zero Energy Community 
According to the National Renewable Energy Laboratory (NREL), a Zero Energy 
Community (ZEC) refers to a group of people that “has greatly reduced energy needs 
through efficiency gains such that the balance of energy for vehicles, thermal, and electrical 
energy within the community is met by renewable energy” [14]. Also, from [14], the defi-
nition of Net-Zero Site Energy is “as much renewable energy is produced in the com-
munity for buildings and infrastructure as is needed by buildings and infrastructure in a 
year when accounted for at the site”. From the above it is deduced that the “energy 
needs” refer to the energy of buildings and infrastructure inside the borders of a com-
munity. These definitions must not be confused with a Zero-Emissions Community 
[14], where a community “produces and uses at least as much emissions-free renewable 
energy as it uses from emissions-producing energy sources annually”. ZEC must also 
not be confused with an energy community, which is described in the Renewable Ener-
gy Directive or the Electricity Market Directive of the EU legal framework [15]. 
As a result, it can be deduced that a ZEC consists of Zero Energy Buildings (ZEBs) 
[16], and the inhabitants are obliged to minimize their energy consumption at the point 
where only renewable energy will meet every-day electrical and thermal loads. Also, in 
the case where only 75% of energy needs are met with renewables, the community is 
considered near-ZEC (nZEC) [14], and of course the buildings nZEB. 
It is important here to underline that the model of this study will consider a group of 
buildings as a community, without taking into consideration transportation or any other 
infrastructure inside the community. This is a very safe assumption, since the building 
sector accounts for approximately 40% of worldwide energy consumption [17] and in-
creasing their energy efficiency is the top priority in communities.  
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2.2 Electrical Grid in Zero Energy Communities 
The current electrical grid was created over a hundred years ago in the concept of deliv-
ering electricity to small communities according to energy needs of the previous centu-
ry. The same power lines are still being used by utilities to serve dramatically increased 
loads in today’s large cities. This ever-growing urban environment continuously in-
creases its electricity and peak power demand, due to global warming and effects like 
the urban heat island [18]. As a result, power outages become commoner every day. 
Even though some of these lines have been modernized, and building renovation acts 
are being funded across EU [19], the lack of communication between building and utili-
ty for information in real-time electricity usage, still remains. 
However, thanks to the advancement of Information and Control Technologies (ICT), as 
well as the Internet of Things (IoT), buildings and grid can now become “smart” and 
communicate with each other via various sensors and controllers. The next part is dedi-
cated to presenting the opportunities and benefits of the communication between Smart 
Buildings (SB) and the Smart Grid (SG) in regard to energy efficiency and carbon neu-
trality. 
2.3 Smart Grid and Smart Buildings 
The American Federal Energy Regulatory Commission defines the SG as “a power sys-
tem architecture that permits two-way communication between the grid and essentially 
all devices that connect to it, ultimately all the way down to consumer appliances” [20]. 
Also, a similar but more detailed definition is given from the Department of Energy's 
Office of Electricity (OE) site SmartGrid.gov, which recognizes that “the digital tech-
nology that allows for two-way communication between the utility and its customers, 
and the sensing along the transmission lines is what makes the grid smart. Like the In-
ternet, the Smart Grid will consist of controls, computers, automation, and new tech-
nologies and equipment working together, but in this case, these technologies will work 
with the electrical grid to respond digitally to our quickly changing electric demand” 
[21]. 
As for a Smart Building, according to an EU report, it can be defined as “a set of com-
munication technologies enabling different objects, sensors and functions within a 
building to communicate and interact with each other and also to be managed, con-
trolled and automated in a remote way” [22]. It also adds that all these can “help to 
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connect a variety of subsystems that originally operated independently. Automated pro-
cesses allow the control of the building’s operations including HVAC (Heating, Ventila-
tion, Air Conditioning), lighting, security and other systems”  
From all the above definitions, it is easily deduced that the most important components 
of both SG and SBs are their intelligent nodes, like smart controllers, actuators and sen-
sors, that can operate, communicate and interact autonomously. Their most important 
aspect is the collection of data, such as information on both client and supplier require-
ments and routine, and their ability to act on these data. As a result, distribution and 
consumption of electricity becomes more efficient and “controlled”, enabling more ad-
vanced technologies to connect to the grid, like Electric Vehicles (EVs) [23]. 
An easy-to-understand analogy on how the SG operates, and its various components, is 
presented in Figure 2 [24]. In the following sections, some of these components will be 
further explained, along with their connection to SBs. 
 
Figure 2: Components of the Smart Grid 
2.3.1 Advanced Metering Infrastructure (AMI) 
Advanced Metering Infrastructure (AMI) includes both physical "smart" meters (a digi-
tal electricity meter located on the end consumer side that allows two-way communica-
tion), as well as communication infrastructure for the transfer of generated data. The 
latter requires the development of a Field Area Network, which will facilitate the con-
nection of communications with the functions of the public service and their control 
center, as well as with the network inside the house or building [25]. 
One of the key issues in AMI is how "smart" meters will communicate with each other 
and with other devices on the grid. The main technologies that are applied are: 
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• Broadband over power lines (BPL) 
• Radio Frequency Grid Networks (WMNs), and 
• Mobile networks 
BPL, which is the best known and is also used by PLC technology, is the first to allow 
relatively high-speed digital data transmission via public power distribution cables. Its 
main disadvantage, however, is that it uses frequencies that are part of the radio spec-
trum, which is available for over-the-air communication services. Thus, when transmit-
ting and receiving data for "smart" networks, there is a high probability of interference 
(higher than in normal networks). 
The next most important technology consists of radio frequency grid networks. In these 
networks, each smart meter acts as a node and communication is achieved from node to 
node via proprietary radios until it reaches a network gateway that serves as a backhaul 
point for communication with the public service. These networks cost less than others 
and are easy to expand. However, their limited range and low power can create difficul-
ties in rural sparsely populated areas or in densely populated urban areas. 
Finally, the most useful and important, perhaps, for the future is the technology of cellu-
lar networking. This is because, compared to the rest, it is able to transfer large amounts 
of data, which could prove to be very important, since the applications that will "run" on 
the "smart" networks will start to grow. The main mobile networks that have started to 
be used by companies are 4G LTE, 2G and 3G. 
Despite the advantages they offer, the integration of communication networks in a 
large-scale system such as the "smart" network increases the complexity of their design, 
motivating the use of advanced analysis tools. The study in [26] explores the use of 
network formation games (based on game theory) to allow intelligent grid elements to 
interact and perform multi-hop narrowband communication over power lines (multi-hop 
narrowband PLC). It is worth noting that despite the limited channel capacity of this 
mode of communication, the development of intelligent and advanced algorithms (as in 
this approach) can overcome this limitation within "intelligent" network systems. 
2.3.2 Demand Response  
A relatively different set of utility programs is based on Demand Response (DR). Ac-
cording to it, companies enter into contracts through which they can agree to compen-
sate consumers for reducing the use of electricity in critical periods of high demand 
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(such as during the day in summer). Another way is to reduce the energy price (kilowatt 
hours) from business to low demand hours (such as overnight). 
Through these tactics, companies benefit from the fact that they do not have to resort to 
high-demand power plants (peaking power plants), while users benefit from contract 
revenues, or from the reduction of bills. DR can, contribute significantly to the devel-
opment of "intelligent" networks at the user level. 
With real-time knowledge of the patterns of using electricity through smart meters, DR 
programs can be largely consolidated at home, automated and made more efficient. For 
example, by using auditors that take into account DR, the control of renewable energy 
sources can be greatly optimized. A big issue in the design of such a system, however, 
is its operation on a number of buildings, where the users will have different DR behav-
ior. 
To address this, a system of hierarchical agents has been proposed that coordinate the 
PO and AZ in a three-step optimization for a residential area [27]. The peculiarity of the 
proposed system concerns the interaction between users and control agents for DR, the 
distributed micro-CHP systems (combined heat and power generation) monitored 
through a common management function and the battery system controlled for unload-
ing. through an optimal policy, which is obtained from remedial learning (via Q-
learning algorithm). Its purpose is to minimize the cost of energy consumption in an en-
tire community. 
2.3.3 Energy Autonomy 
For remote areas and islands, the concept of energy autonomy is very old. The necessity 
of reliable, uninterrupted electricity is not limited in grid-connected cities, but also in 
places where expansion of central grids is technically and/or economically impractica-
ble. With the evolution of renewable generation and ICT, energy autonomy, which was 
mostly achieved through fossil fuels, is starting to incorporate concepts like “clean en-
ergy”, energy storage and smart energy management.  
This “smart” renewable outbreak has also affected power generation in urban areas. For 
example, even if connection to the main grid is possible, some communities, due to fi-
nancial or social reasons, choose to become energy autonomous, and, if applicable, 
connect to utility’s main grid and sell back surplus energy at a fix price [28]. 
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So, in order to achieve 100% renewable energy autonomy, communities need to have 
access to two major smart-grid components: Distributed Generation (DG) and Energy 
Storage System (ESS) technologies. Also, by combining those two with a dedicated 
smart controller, they can create their own small smart grid, or smart microgrid as it is 
commonly called. 
Distributed Generation 
Each community can decide for its own type of generation system, for example diesel 
generators, solar panels and/or wind turbines. This is called Distributed Generation 
(DG), and besides offering energy autonomy to isolated communities, it has also many 
advantages even when partially connected to central grid. 
Until recently, in most cases the cheapest but least efficient form of energy was utilized, 
fossil fuels. As a result, diesel generators have been the leading market in DG (Figure 
3) [29]. A study from Knudsen, Jesper Viese [30], also accepts diesel generators as an 
important element of DG systems, and proposes a control design to correctly regulate 
frequency and voltage, along with an optimization algorithm that is able to maximize 
fuel efficiency. 
 
Figure 3 Distributed Power Generation Market Revenue Share (%) by Technology, Global, 
2019 
However, right after diesel, Figure 3 shows that Solar PVs are the next best thing in 
DG. This is to be expected, since the amount of Photovoltaics deployed in the last years 
has grown exponentially. Figure 4 shows the cumulative worldwide PV system installa-
tions from 2010-2019 [31]. 
  -15- 
 
Figure 4 cumulative worldwide PV system installations from 2010 to-2019 estimates 
From the above figures it is deduced that a great step towards a carbon neutral future is 
the deployment of Hybrid Energy Systems that utilize both technologies. Such a system 
is described in [32], where a hybrid Diesel/PV system is tested for its performance in a 
remote area of Algeria, compared to the already installed diesel generator. The study 
shows a drop of 30-40% in nominal generator power and less fuel consumption. It also 
indicates that a larger reduction could be achieved with a slightly larger PV system. 
The above studies take into consideration remote systems. In the case of grid-connected 
systems, DG can affect the node voltage, supply load and system reliability of the im-
minent future SG [33]. Despite the issues it resolves, DG technology requires careful 
analysis and design to work optimally for this upcoming "smart" network. One ap-
proach to this is to determine the location and size of such a system. So, in [34] a dy-
namic programming model is proposed, which takes into account the capacity of the 
DG, the initial cost, the cost of operation and maintenance, the market cost of energy, 
the cost of network losses and the cost of environmental compensation. All of these are 
used by an objective function that is solved by an immune algorithm. In this way, the 
optimal position and size of a DG system can be estimated.  
Energy Storage 
The most important problem of integrating renewables in DG, is the stochastic genera-
tion of electricity. One approach of overcoming this is the simultaneous deployment of 
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PVs and wind turbines, as shown in [35]. In this study, by using the mathematical mod-
els of PV and wind turbines along with the necessary constraints, and solving the objec-
tive function derived from them with quadratic programming, an optimization method 
for grid-connected hybrid wind/solar system is suggested. By implementing this model 
in two case studies, it is found that the system created from the above method signifi-
cantly reduces energy cost, Co2 emissions and power drawn from grid. 
Another approach which can significantly resolve the stochasticity of renewables in 
DG, is energy storage. The main concept behind this is storing excess renewable power 
during low demand, and using it during low renewable generation. As a result, energy 
storage technologies can help increase the efficiency of electricity management, both for 
grid-connected and off-grid systems. They also benefit the stability of transmission and 
distribution networks, as they help eliminate errors and short-term disruptions, reduce 
the system's need for rotating backup, and efficiently develop "black start" applications 
[36],[37]. Figure 5 shows the most commonly used Energy Storage Systems (ESS) up 
till today [38], and Figure 6 shows in graph the general concept behind utilizing ESS 
[39]. An important aspect, that will also be discussed later, is the reduction of peak de-
mand. 
 
Figure 5 Different types of ESS technologies 
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Figure 6 Main concept of ESS 
The study from [40] shows that by using energy storage technologies in renewable DG 
systems, optimal energy management can be achieved. More accurately, a model of 
grid-connected wind turbine of 200kW/400V and inverter-based solar panel of 75kW is 
first created to deliver power to the grid via a substation. Then by integrating these with 
a model of a flow battery bank storage, in one case, and lithium-ion parallel with flow 
battery storage in the next case, it is shown that, compared to a system without storage, 
25% increase of total energy delivered as well as 57% and 68% reduction, respectively, 
of loss of power supply probability can be achieved. 
Also, in order to fully exploit the advantages of the ESS technologies in smart grid con-
nected systems with real-time loads, a suitable Automation Control System (ACS) is 
required. In response to this, many control algorithms were suggested and studied. For 
example, in [41], considering as energy storage the batteries from electric vehicles, a 
decentralized two-level optimal charge control algorithm is analyzed. It has the ability 
to minimize the cost of electricity generation and carbon dioxide emissions, in the first 
level, and to adjust the charging power to alleviate uncertainties due to renewable ener-
gy sources, in the second. The controller using this algorithm has been developed in two 
different time scales: short-term, based on a frequency adjustment algorithm and long-
term, a load shifting algorithm. The results of the two, which are easily combined with-
out affecting their performance, give the final optimal charge control for any electric 
vehicle connected to the smart grid. 
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2.4 Smart Energy Communities 
As discussed earlier, DG and ESS are crucial not only for energy autonomy in commu-
nities, but for the whole operation of the SG in SBs. As a result, both must be continu-
ously monitored and controlled by intelligent nodes of the SG. However, as the SG will 
grow, so will those nodes, which at some point might become too difficult for the utili-
ties to handle. 
A possible way to handle this “information overload” is to create a single node for a 
larger group of loads. This will provide the utility with energy information of a group of 
SBs instead of a single one. At the same time, by combing it with DG and ESS, it will 
distribute faster and more reliable electricity at a smaller, controlled scale. These small-
er smart grids, which are called Smart Microgrids, can efficiently serve all the loads in-
side a geographically defined community, paving the way towards the realization of a 
ZEC. Next the definition and scale of Smart Microgrids will be shown, as well as the 
advantages of them for ZECs.  
2.4.1 Smart Microgrids 
From [42], smart microgrid refers to “a distribution network for electrical energy, start-
ing from electricity generation to its transmission and storage with the ability to re-
spond to dynamic changes in energy supply through co-generation and demand adjust-
ments”. Basically, it incorporates the same principals as a smart grid, with intelligent 
nodes and sensors, but on a smaller size and scale. The scale represents the local power 
production/consumption, instead of a grid-scale system that can serve loads across cit-
ies. The capacity of a microgrid is also a few hundred kW to several MW, according to 
[43]. 
The main component of a smart microgrid, is the Smart Microgrid Controller (SMC). 
This device must be able to completely coordinate the ESS with DG, and decide in each 
time step whether to serve the load or store power to the ESS. As a result, an SMC is 
able to minimize carbon-fuel based power generation, by balancing ESS with renewable 
DG. This procedure is very important not only in the case of off-grid systems, but also 
for grid-connected ones. 
Many studies have focused on creating microgrids that utilize as much renewable ener-
gy as possible. One method is the adaptation of advanced control algorithms on SMC. 
The study in [44] presents several control systems utilizing adaptive and intelligent 
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techniques for smart control of microgrids. Some examples are the Model Predictive 
Controller (MPC) and the PI/PID controller, the particle swarm optimization (PSO) for 
intelligent techniques and Adaptive PI/PID controller for adaptive techniques. 
Not only technological advancement and research is important. For the implementation 
of smart microgrids towards zero energy communities, other factors are also being stud-
ied, like social acceptance and policy-related. In [45], a STEEP model application is be-
ing presented that examines the planning and development challenge factors of Social, 
Technological, Economic, Environmental and Policy (STEEP) perspectives. More accu-
rately, after studying the drawbacks of microgrid implementation to certain off-grid 
communities, it then uses them as case studies for a Sustainable Planning Framework 
(SPF) based on the STEEP model. The research concludes that by understanding site-
specific drawbacks and mitigating the causes of failures in microgrid acceptance with 
the STEEP model, the proposed framework can be used as a basis for smart microgrid 
planning in any remote location. 
The study in [46] investigates the feasibility of a new positive energy neighborhood and 
a near-zero energy one from retrofit, by use of a parametric analysis. Results show that 
certain technological and economic criteria can be met towards zero energy communi-
ties, by following EU energy regulations and of course, creating motives for occupant’s 
participation. 
2.4.2 Sensitivity Analysis 
To design the above mentioned smart microgrids, most studies, after acquiring all nec-
essary site-specific data, move on to discover how much would affect the final system if 
one or several input parameters change. This so-called sensitivity analysis is very im-
portant basically to determine how “sensitive” the optimized system is to small changes 
of certain variables. For example, in [47], the impact of several macro-parameters in the 
design of an optimized system for nZEB is studied. Through an influence coefficient of 
each of the parameters, which include wall thickness, infiltration rate and PV array effi-
ciency, this study also shows the importance of each parameter to the final HVAC sys-
tem, renewable energy system and energy storage system. 
Related to the subject of this study’s sensitivity analysis is being done in [48]. More ac-
curately, by using the same optimization software, it presents the possibility of a PV-
Wind standalone energy system in Hilly Terrain of India, through a sensitivity analysis 
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of the maximum capacity shortage. Another similar study, with HOMER software op-
timization system design is presented in [49], where a PV/Diesel power system is being 
assumed, for different climatic zones in South Africa. Its sensitivity analysis includes 
the diesel price from different regions. 
The main differences between this study and the above mentioned, which represent the 
majority of studies using HOMER software, is the multitude of sensitivity variables and 
system designs. More accurately, this study will present optimized results for both grid-
connected and off-grid systems, and also analyze the importance of three different sen-
sitivity parameters between each other and in the final optimized design. Furthermore, 
the optimization results will also be ranked not only by economical parameters, like 
similar studies, but also by sustainability and environmental ones. Furthermore, the op-
timization results will also be ranked not only by economical parameters, like similar 





  -21- 
3 Zero Energy Community- 
Simulation 
The previous chapter described some approaches to the adoption of SG to SBs, and the 
importance of smart microgrids into designing a ZEC. A similar analysis is presented in 
this study. More specifically, this chapter first introduces the simulation software tool 
that will be utilized. Then, it describes the building block that was chosen to be mod-
eled, along with the necessary weather details and total electricity demand. Then, the 
different components of the microgrid are presented, along with the optimization con-
troller that was chosen to govern the whole system in both grid-connected and off-grid 
scenarios. Lastly, the sensitivity analysis of the design will be explained. 
3.1 Homer Pro – Introduction 
HOMER stands for Hybrid Optimization Model for Electric Renewables. It was origi-
nally developed by (NREL) to “assist in the design of micropower systems and to facili-
tate the comparison of power generation technologies across a wide range of applica-
tions” [50]. It was later enhanced and publicly distributed by a formerly NREL-
employed Senior Economist Dr. Peter Lilienthal, who founded his own software com-
pany in 2009, HOMER Energy LLC [51]. All in all, HOMER is a powerful tool for de-
signing and simulating both grid-connected and off-grid Hybrid Renewable Electrical 
Systems (HRES). Such a system is the microgrid that will be later analyzed. 
Based on the input parameters which include the electric load profile, weather data in-
formation (solar, wind, temperature, etc.), fossil and renewable fuel resources (e.g. die-
sel and biogas prices) and economic data for the components of the HRES, HOMER is 
able to determine the optimized feasible system (or systems) with the lowest Life-Cycle 
Cost (LCC). And HOMER achieves this by performing three principal tasks: simula-
tion, optimization and sensitivity analysis. Figure 7 demonstrates the relation between 
these tasks. This visualization shows that a single optimization consists of multiple sim-
ulations and, similarly, a single sensitivity analysis consists of multiple optimizations. 
From this it is deduced that by altering enough uncertainty components, like wind aver-
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age speed, general economics, system capacity constraints or emissions, HOMER de-
signs enough optimization scenarios to accommodate for any possible site-specific re-
strictions, like installation space limitations or maximum HRES size issued by munici-
palities or governments. 
An overview of the three main tasks along with the economic modeling will now be 
briefly discussed. 
 
Figure 7 Conceptual relationship between simulation, optimization, and sensitivity analysis. 
3.1.1 Simulation 
HOMER’s fundamental task is simulating the performance of an HRES over its life-
time period. More accurately, a simulation determines how a specific system configura-
tion, a combination of power resources and a control strategy operate together in a given 
setting over a specific time interval. 
HOMER can simulate a wide variety of grid-connected and off-grid systems. For the 
system’s components, HOMER has a database for both renewable and non-renewable 
resources, like PV arrays, wind turbines, up to ten generators, hydro-turbine and a fuel 
cell generator. For energy storage it can utilize a battery bank and/or an electrolyzer, 
with hydrogen tank. For conversion between AC and DC, user can choose from a large 
database or design his own AC-DC converter. For the system’s controller, HOMER Pro 
has six main types of operating strategies, that will later be discussed. 
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The simulation process answers two main questions in turn: If a certain system is feasi-
ble and, if yes, if it is the cheapest. More details for this process will also be analyzed 
later in the explanation of algorithms section. 
3.1.2 Optimization 
After finishing with the simulation process, HOMER enters the optimization process. In 
this, HOMER finds the optimal value for a certain number of variables, called the deci-
sion variables. These variables, also known as optimization variables, are: 
• Size of the PV array 
• Number of wind turbines 
• Size of the hydro system 
• Size of each generator 
• Number of batteries 
• Size of the converter 
• Size of the electrolyzer 
• Size of the hydrogen storage tank 
• Dispatch strategy (if more than one strategy is selected) 
• Maximum grid demand (if grid is selected) 
Note here that the user has the ability to also add one or more specific values to these 
variables. If this is the case, HOMER considers only these as “optimal” and, if they are 
feasible, continues with the sensitivity analysis. 
3.1.3 Sensitivity Analysis 
This process doesn’t necessarily run after the optimization, but is the most important 
one in HOMER. It lets the user ask the question “what if” multiple times. The sensitivi-
ty analysis is performed by entering multiple values at a particular input variable. 
HOMER will repeat the optimization process for each of the values, and present the re-
spective results. The input variables are mostly called sensitivity variables, and if more 
than one is being altered, each combination of these variables is a sensitivity case. 
HOMER can also utilize a sensitivity link for variables that vary similarly, in order to 
reduce the number of optimizations. 
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By making a precise sensitivity analysis, HOMER can determine how “sensitive” the 
outputs are to changes in certain variables and design multiple similar systems in a sin-
gle optimization run. 
3.1.4 Optimization & Control Algorithms 
HOMER is basically a tool that utilizes an enumerative algorithm to obtain the optimal 
design of an HRES, by evaluating all the possible solutions. As previously mentioned, 
during the simulation process, two parameters decide the design of the system: feasibil-
ity and cost. 
The feasibility of a system is determined by its capability of serving the electric load 
(both AC and DC), according to all input and sensitivity variables. As for the cost, cer-
tain economic criteria are being followed, to select the system with the lowest possible 
Net Present Cost (NPC) and levelized Cost of Energy (COE). The NPC is basically the 
cost of installing and operating the system throughout its lifetime, and the COE is the 
average cost per kWh of useful electrical energy produced by the system. More accu-







CNPC is the net present cost (€); 
Cann,tot  is the total annualized cost (€); 
i is the annual real interest rate (%) (discount rate)  
Rproj is the project lifetime(yr.) and 
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i is the annual real interest rate (%) (discount rate)  







COE is the levelized cost of energy (€/kWh); 
Cann,tot  is the total annualized cost (€); 
Eprim  is the AC and DC primary served load  
Edef  is the AC and DC deferrable served load 
Egrid,sales  is the amount of energy sold to the grid per year (for grid-connected systems) 
  
Generally, HOMER uses the total NPC as the primary economic figure of merit, be-
cause it is arbitrary for each user how it interprets COE. However, for this study, COE 
can be considered as a more reliable value, because it not only shows the most econom-
ic system, but also the one with more “useful” energy, especially in grid-connected sys-
tems. More details of “useful” energy will be explained later. 
As for the control algorithm, HOMER basically tries to produce renewable energy as 
much as possible. In the case that this is not possible, the operation of the other sources 
is chosen from a controller with a predetermined strategy. This strategy called dispatch 
strategy is a set of rules used to control the generators and the energy storage operation 
whenever there is insufficient renewable energy to supply the load. The main controllers 
are: 
• Load Following (whenever generator needs to operate, it produces only enough 
power to serve the primary load. Lower priority objectives, like charging the 
storage bank or serving a deferrable load are left to renewable sources. For grid-
connected, generator might ramp-up to sell power to the grid, if it is economical-
ly advantageous.) 
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• Cycle Charging (works only for off-grid systems. Whenever generator needs to 
operate, it does so at full power. Surplus power goes to lower-priority objec-
tives) 
• Combined Dispatch (Strategy where controller chooses and dispatches the 
cheapest decision between Load Following and Cycle Charging) 
• Generator Order (For multiple generators) 
• Homer Predictive (works only for off-grid systems. The controller has a 48-hour 
foresight of upcoming electric demand, as well as the coming solar and wind re-
source availability. It uses this knowledge to maximize self-consumption, by op-
erating batteries in an economic way). 
• Pro Matlab Link (Calls custom Matlab functions for the operating strategy) 
3.2 Building Block (Community) Data 
The block of buildings that was chosen to be modelled is at an east municipality of 
Thessaloniki, Kalamaria (Figure 8). It consists of four residential multi-family buildings 
(polykatoikies) created between 1990 and 2005. The space that they occupy is 2.500m2. 
Thanks to the constant sunshine and plenty of roof space, it is an ideal location for in-
stalling a microgrid based in Photovoltaics (PVs). The neighborhood is also connected 
to a central natural gas line, which will be utilized in the simulations of an off-grid mi-
crogrid with a natural gas generator, PVs and batteries. 
 
Figure 8 Site location 
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3.2.1 Environmental data of Thessaloniki, Greece 
In Thessaloniki, the climate is considered a warm dry one, with hot summer. Thessalo-
niki is a city with significant sunshine. Even in the coldest month there is a lot of sun. 
The specific site climate is classified as Csa (Hot-summer Mediterranean climate) by 
the Köppen-Geiger system, as shown in Figure 9 [53]. All other necessary weather data 
used in HOMER were taken for the city of Thessaloniki from Meteonorm [54]. Specific 
site data, like temperature and wind speed, were not available. 
 
 
Figure 9 Thessaloniki, Kalamaria - Köppen-Geiger Classification  
 
Temperature 
Thessaloniki is characterized by relative high temperatures throughout the year, as 
shown in Figure 10. The average annual temperature is 16.6 °C, where the annual max-
imum and minimum are 28 °C and 5.8° C respectively. On average, the warmest month 
is July and the coolest one is January. 
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Figure 10 Thessaloniki-Temperature 
 
Sunshine 
In Thessaloniki, on average, June is the sunniest month and December has the lowest 
amount of sunshine (Figure 11). However, from the clearness index in Figure 12, June 




Figure 11 Thessaloniki-Solar Direct Normal Irradiance 
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Figure 12 Thessaloniki-Solar Global Horizontal Irradiance 
 
Wind speed 
In Thessaloniki, the wind speed is considerable low, reaching its highest value in July at 




Figure 13 Thessaloniki-Wind Speed 
 
3.2.2 Load profile 
Even though HOMER Pro provides models of boilers for thermal load simulations, in 
this study only the electrical load of the building block was considered.  
By gathering the necessary information of the electrical bills of one building, calculat-
ing the electricity consumption per m2, and multiplying this consumption with the 
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whole space of all buildings, the average daily electricity load of the building block was 
assumed as 551.7 kWh/day [Appendix A]. Note here that no data were gathered or con-
sidered for the common areas (e.g. lighting and elevators) because of their completely 
different load profile. Also, this average value is not compared to any other similar stud-
ies with average residential electricity consumption, since all optimized results of 
HOMER are based on it, and the main purpose of this study is the techno-economic, 
sustainable and environmental comparison between systems, as previously mentioned. 
Next, because there was no method to gather specific hour by hour electrical data for 
any of the residences, a seasonal profile from the HOMER Pro database was used. The 
profile was chosen to represent a community’s yearly load, with values of peak load 
(kW), average load (kW) and load factor scaled according to the electricity load as-
sumed. Note here that the community load profile is mostly same throughout the day 
and year. This is ideal for the design of a sustainable smart microgrid, since it doesn’t 
have to deal with many frequent peak loads, like in residential loads, and, as a result, 
doesn’t need to be unnecessarily large. 
It is also important here to state that the building from which the electricity load was 
extrapolated, includes seven residences. For heating, four utilize natural gas boilers, two 
AC units and one has a heat pump installed. For cooling, all of them utilize AC units. 
Lighting consists basically of fluorescent and energy saving lamps. The profile of those 
is very similar to most residential buildings (polykatoikies) in Thessaloniki.  
Next figures (Figure 14, Figure 15, Figure 16, Figure 17,) show details of hourly, dai-
ly, monthly and yearly data for this load profile. Figure 18 shows the frequency of peak 
loads that occur, which the above statement. It shows that most common load is below 
10 kW, and least one is almost 70kW, which represents the peak load for the whole 
year.  
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Figure 14 Community Load Profile - Scaled hourly data 
 
 




Figure 16 Community Load Profile - Scaled monthly data 
 
 
Figure 17 Community Load Profile - Scaled yearly data (DMAP) 
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Figure 18 Community Load Profile – Scaled Histogram with frequency of load in kW 
 
3.3 System Components 
As shown in the environmental data, wind in the specific site has very low values. Even 
after changing the average wind speed, still the initial cost and size of a wind turbine 
capable to serve a percentage of the electric load was proven unworthy. As a result, only 
PVs were chosen as a renewable source. Each system’s components are described in 
this section. 
3.3.1 Grid-connected system components 
Figure 19 represents the structure of the modeled system in HOMER. It basically com-
prises of an electric load, a PV array, energy storage, a converter and the utility grid. 
 
Figure 19 Grid connected system schematic 
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Central grid with annual net-metering scheme 
Figure 20 shows the technical parameters of the grid. The main concept is that the cen-
tral grid serves the load with a scheduled rate. Net purchases are calculated annually. 
HOMER allows the user to give multiple values to power capacity, to determine which 
one is the most cost-effective. In this study three values were considered, 35, 55, 85 
kW. 
Table 1 shows the economical parameters of the grid. The fixed energy purchase value, 
along with the rest of the data were taken from the Public Power Corporation S.A (PPC) 
[55]. The sellback price is among the sensitivity values, which will be described later in 
this chapter. For the emissions fee (€/ton), data were taken from both the PPC and the 
European Environment Agency (EEA) [56]. Note here that only the CO2 emissions 
were given a value, since only data for the CO2 emissions from electricity production 
could be found. The emissions (g/kWh) were taken from HOMER database (Figure 21).  
 
 
Figure 20 Technical parameters of Grid 
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Figure 21 Emissions from Grid 
 
Photovoltaics 
Sizing of the Photovoltaic was left to HOMER optimizer, as previously described. Gen-





where:   
 YPV 
= the rated capacity of the PV array, meaning its power output under standard test 
conditions [kW] 
 fPV = the PV derating factor [%] 
 
 
= the solar radiation incident on the PV array in the current time step [kW/m2] 
 
 
= the incident radiation at standard test conditions [1 kW/m2] 
 αP = the temperature coefficient of power [%/°C] 
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 Tc = the PV cell temperature in the current time step [°C] 
 Tc,STC = the PV cell temperature under standard test conditions [25°C] 
 
The technical and economical characteristics of the PV type that was chosen are shown 
in Figure 22. 
 
 
Figure 22 PV characteristics 
 
Li-Ion Batteries 
Again, sizing of the batteries was left to HOMER optimizer. Generally, for batteries, 








  Rbatt = storage bank life [yr] 
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  Nbatt = number of batteries in the storage bank 
  Qlifetime = lifetime throughput of a single storage [kWh] 
  Qthrpt = annual storage throughput [kWh/yr] 
  Rbatt,f = storage float life [yr] 
 
Also, HOMER calculates the maximum battery charge and discharge power as de-
scribed in HOMER Energy’s help center [51]: 
Maximum Charge Power: 
In each time step, HOMER calculates the maximum amount of power that the storage 
bank can absorb. It uses this maximum charge power when making decisions such as 
whether the storage bank can absorb all available surplus renewable power or how 
much surplus power a cycle charging generator should produce. The maximum charge 
power varies from one-time step to the next according to its state of charge and its re-
cent charge and discharge history. 
HOMER imposes three separate limitations on the storage bank's maximum charge 
power. The first limitation comes from the kinetic storage model. As described in 
the Kinetic Battery Model section of the help, the maximum amount of power that can 









  Q1 = the available energy [kWh] in the storage at the beginning of the time step 
  
Q 
= the total amount of energy [kWh] in the storage at the beginning of the time 
step 
  c = the storage capacity ratio [unitless] 
  k = the storage rate constant [h-1] 
  Δt = the length of the time step [h] 
The second limitation relates to the maximum charge rate of the Storage Component, 
which is the A/Ah value on the Storage page. The storage charge power corresponding 










  αc is the storage's maximum charge rate [A/Ah] 
  Qmax is the total capacity of the storage bank [kWh] 
The third limitation relates to the Storage Component's maximum charge current, which 
also appears on the Storage page. The maximum storage bank charge power corre-








  Nbatt = the number of batteries in the storage bank 
  Imax = the storage's maximum charge current [A] 
  Vnom = the storage's nominal voltage [V] 
HOMER sets the maximum storage charge power equal to the least of these three val-




Where ηbatt,c is the storage charge efficiency. 
Maximum Discharge Power: 
In each time step, HOMER calculates the maximum amount of power that the storage 
bank can discharge. It uses this "maximum discharge power" when making decisions 
such as whether the Storage Component can serve the load on its own. The maximum 
discharge power varies from one-time step to the next according to its state of charge 
and its recent charge and discharge history, as determined by the Kinetic Storage mod-
el. 
As described in the Kinetic Storage model section of the help, the maximum amount of 












= the available energy [kWh] in the Storage Component at the beginning of 
the time step 
  
Q 
= the total amount of energy [kWh] in the Storage Component at the begin-
ning of the time step 
  Qmax = the total capacity [kWh] of the storage bank 
  c = the storage capacity ratio [unitless] 
  k = the storage rate constant [h-1] 
  Δt = the length of the time step [h] 
HOMER assumes that the discharging losses occur after the energy leaves the two-tank 






where ηbatt,d is the storage discharge efficiency. 
The batteries that were chosen to be utilized in the simulations are Discover AES 1 
kWh/24V DC Li-Ion batteries. The reason for this is that, even though Li-Ion batteries 
are more expensive than similar Lead-Acid ones, in terms of discharge rate, lifetime and 








For comparison reasons, in both feasibility and cost, a second more advanced type of 
batteries was chosen to be modeled. Flow batteries are “rechargeable batteries which 
store the liquid electrolytes externally in separate tanks. This helps in increasing their 
energy capacity by many folds. They are highly modular and scalar as their power ca-
pacity can be added by adding up of electrode cells. Instant recharging can be done by 
simply replacing the electrolytes in the tank.” [38]. 
Same equations for HOMER’s calculations apply here. It will be later proved that this 
type of batteries outperforms Li-Ion in all three aspects of this study (techno-




Figure 24 Flow batteries characteristics 
Converter 
The converter that was simulated is the main System Converter that HOMER utilizes. It 
can serve as both an inverter and rectifier. Since this study focuses in electricity produc-
tion/consumption and not in specific voltage-frequency data, it was chosen for simplifi-
cation reasons. This choice, however, doesn’t undermine the results in any way, since 
they are based in comparison between each other. 
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Figure 25 Converter characteristics 
 
Controller Logic 
A different strategy was chosen according to the particular needs of each system. For 
this system, the microgrid controller that was chosen is Cycle Charging (CC). The two 
reasons for this are first, it resulted to lowest COE, and second, the main purpose of the 
study is to design a system that satisfies the load at all times with renewable resources, a 
ZEC. There is no benefit to design a very large HRES to sell surplus power back to the 
grid because, even though it results to lower COE, in reality, it is unfeasible. 
3.3.2 Off-Grid system components 
Figure 26 represents the structure of the modeled system in HOMER. It basically com-
prises of the same components as grid-connected, with the only exception of AC power 




Figure 26 Off-grid system schematic 
 
Natural Gas generator 
From the electric load curve, it was found that the maximum peak demand is approxi-
mately 60kW. Because the generator was chosen to operate with natural gas, thanks to 
the continuous site-specific supply of it, a CUMMINS generator with 60kW was chosen 
from HOMER’s library (Figure 27) 
 
 
Figure 27 Generator characteristics 
 









  F0 = the fuel curve intercept coefficient [units/hr/kW] 
  F1 = the fuel curve slope [units/hr/kW] 
  Ygen = rated capacity of the generator [kW] 










  Pgen = the electrical output [kW] 
  
LHVfuel 
= the lower heating value (a measure of energy content) of the fuel 
[MJ/kg] 
  mfuel = the mass flow rate of the fuel [kg/hr] 
 








  ρfuel = the fuel density [kg/m3] 
 
Controller Logic 
The Homer Predictive (PS) was chosen to be the microgrid controller for the off-grid 
system, since it can predict any abnormalites and peak loads, and store energy to the 
battery beforehand. It would have also been chosen for the grid-connected system; how-
ever, HOMER can only utilize this controller when there is only one Generator for pri-
mary energy production. 
3.4 Sensitivity Analysis 
In HOMER Pro, there are economical, technical and weather parameters that can be al-
tered. By having these parameters as constants, the simulations try to find an optimal 
system, in regard to the design of a microgrid with minimum Cost of Energy (CoE). 
This sensitivity analysis is very important, in order to reach a conclusion for the best-
case scenario for a ZEC or nZEC. 
Figure 28 and Figure 29 show the sensitivity cases for both grid-connected and off-grid 




Figure 28 Sensitivity cases-grid-connected system 
 
 
Figure 29 Sensitivity cases-off-grid system 
 
3.4.1 Net metering price 
This sensitivity variable applies only to the grid-connected system. In Greece right now, 
net metering works only for self-consumption, without sellback price [55]. However, if 
the government gave the incentive of a sellback price, it is important to determine this 
affection to the percent of the renewable fraction that a system is optimized. 
3.4.2 Natural Gas price 
Prices for natural gas are due to rise in the next years [57]. It is therefore crucial for our 
study to investigate how important this increase is to the off-grid system, as well as how 
much it affects the renewable fraction, in terms of COE and NPC. 
  -45- 
3.4.3 Renewable fraction 
For both systems the renewable fraction is the most important sensitivity variable. It 
represents whether the system can be optimized with both minimum (0%) and maxi-
mum (100%) renewable energy. It is also crucial to discover how COE and NPC react 
as the renewable fraction increases, compared with a base case scenario. 
3.4.4 Capacity shortage  
This sensitivity variable represents a shortfall that occurs between the required operat-
ing capacity and the actual amount of operating capacity the system can provide. Basi-
cally, by increasing this variable, HOMER considers smaller systems feasible, that 
serve a smaller percent of the actual load. However, this optimization occurs only if it is 
economically advantageous and if the specific system satisfies all other sensitivity vari-
ables. 
The capacity shortage fraction is important for this study in order to consider more sus-
tainable systems, in the expense of a shortage in power demand. The second reason is in 
order to examine how much its combination with the renewable fraction and price 
changes affects the optimization results. 
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4 Contribution- Simulation 
Scenarios 
For this study two types of microgrid systems, both grid-connected and off-grid, were 
modeled using HOMER Pro. This was done in order to investigate the impact of renew-
able energy on all possible types of systems and how the design towards ZEC can affect 
both grid and off-grid communities. 
In this chapter the results of the base case scenarios along with five different optimiza-
tion scenarios will be presented, based on three different values of Renewable Fraction. 
4.1 Grid-connected system 
This chapter presents the optimal results for the grid-connected scenarios. First the base 
case system is presented, with only the main Grid as energy source, along with all im-
portant results. For the optimized systems a PV array was introduced as the renewable 
energy source, coupled with the Grid, as mentioned in previous chapter. As for energy 
storage, two types of batteries were used in the simulations, Li-Ion and Flow batteries, 
for comparison of their feasibility and cost with each other and the base-case system. 
Since Flow batteries produced cost-effective results for two of the three optimization 
scenarios, only their results will be presented in the main text. Results of grid-connected 
RES with Li-Ion batteries, along with all other results, are shown in Appendix B.  
Note here that, in order to fairly compare all the optimized results, and have a system 
that has as its main priority serving the load at 100%, the capacity shortage was consid-
ered zero. Also, because Net Metering scheme in Greece right now doesn’t offer a sell-
back rate [55], the sellback rate was considered zero as well. The affection of their 
changes to the optimization of a grid-connected RES, along with their relation to re-
newable fraction, will be later discussed on the chapter about sensitivity analysis. 
Renewable Fraction was chosen as the main sensitivity variable in order to collect all 
the possible optimized systems. As a result, three different restriction values were cho-
sen to represent three different scenarios for a grid-connected RES in the community. 
One with no restriction at Renewable Fraction (RF=0%), in order for HOMER to decide 
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the minimum renewable fraction that offers the best cost-effective scenario for the sys-
tem, one that represents a system for nZEC (RF=75%), and one that represents a system 
for ZEC (RF=100%). Each of these values resulted in three different systems, one 
PV/Grid system, one PV/Grid/Storage system and one PV/Storage system. 
For these optimized grid-connected RES with zero capacity shortage and sellback rate 
all the technical, electrical and economic characteristics, for the different renewable 
fractions are presented here. 
4.1.1 Grid system (Base-Case) 
Table 2 shows the general electrical characteristics of this system. The grid serves only 
the electric load. No unmet load or excess electricity exists, so the electricity production 
of the system is equal to the electricity consumption. This value is very important for 
the evaluation of the later optimal results. Figure 30 shows also the annual grid power 
yield in kW, for every time step and day of the year. From this the annual energy pro-
duction/consumption of the system is calculated. It is interesting to note that load is 
pretty much the same during the year with average power demand at 28kW. 


















Grid 85 201,370 0 0 0 
 
 
Figure 30 Annual grid energy yield of Grid system 
Table 3 shows the economic characteristics of the system. The cost for the controller 
Cycle Charging is considered here as a general and only capital cost (e.g. new electrici-
ty switchboards for all buildings), even though it is not used in this base-case System. 
All other costs are considered Operation & Maintenance (O&M) since utility grids offer 
electricity with monthly (or yearly) fees. Component “Other” is also an O&M cost and 
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represents the Emissions fee (€/ton) that utility grids charge final users. Figure 31 also 
shows the cash flow summary of different costs from the different types of components. 
The two main cost-based values are NPC and LCOE. The first is basically the present 
value of the 25-year annual costs. It considers a basic discount rate of 2% for the calcu-
lations. The second basically represents the monthly costs of the utility Grid. Another 
interesting economic value, for comparison reasons, is the Operating Cost, which repre-
sents the annualized value of all costs and revenues other than initial capital costs.  
















Grid - - € 708,438 - € 708,438 - - 
Cycle 
Charging 
€ 500.00 - - - € 500.00 - - 
Other 
(Emissions) 
- - € 64,974 - € 64,974 - - 
Total € 500.00 - € 773,412 - € 773,912 0.197 € 39,615 
 
 
Figure 31 Cash flow summary of different costs of Grid system 
Table 3 shows the annual emissions of the Grid system. In HOMER, Grid related emis-
sions are CO2, SO2, and NOx. It needs to be noted here that each type of emission gas 
impacts the environment differently. More accurately, based on an Environmental Im-
pact Assessment (EIA), the environmental impact of CO2 and CO emissions represent 
the Global Warming Potential, UHC affects the Photochemical Ozone Creation Poten-
tial, SO2 the Acidification Potential and NOx influences both the Acidification and the 
Eutrophication Potential. Particulate Matter contributes to air pollution which affects 
Human Health directly. These values will be compared separately for each system, 
since it is not in the aspect of this study to assume any weighting factors for comparison 
between each other. 
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127,266 0 0 0 552 270 
 
Table 5 shows the monthly energy purchased and sold from and to the Grid, respective-
ly. In this base-case scenario the energy purchased from Grid is exactly how much en-
ergy consumes the block of buildings per month, which was already shown before. 
These data will be very interesting when energy will also be sold back to the Grid, in 
order to test if the system is not only zero-energy annually, but in a monthly basis as 
well. 











January 16,969  16,969 
February 15,044  15,044 
March 17,525  17,525 
April 16,640  16,640 
May 16,874  16,874 
June 16,712  16,712 
July 16,928  16,928 
August 17,720  17,720 
September 16,683  16,683 
October 16,854  16,854 
November 16,402  16,402 
December 17,018  17,018 
Annual 201,370  201,370 
 
4.1.2 PV/Grid system (RF=0%) 
For the first optimization scenario, with no restriction to the amount of renewable ener-
gy produced, HOMER concluded that the most cost-effective system is a combined 
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PV/Grid one, without any energy storage. Table 6 shows the technical and electrical in-
formation of this system, and Figure 32, Figure 33 the annual energy yield from grid 
and PV array. Size of the PV array was chosen to be 108 kW, which produces 218,193 
kWh/yr. The converter, which here is only responsible to convert DC to AC, has a size 
of 67.7 kW. It is capable to simultaneously serve the load and sell energy back to the 
Grid, for the time that renewable energy is available, accounting also for power losses. 
Grid is only used during low or no solar irradiation, and serves approximately 65% of 
the annual load. However, because a significant amount of renewable energy is also 
sold back to the Grid, the Renewable Fraction is calculated as high as 66.1%. Excess 
electricity accounts only for 1.84% of total electricity production.  
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Figure 33 Annual solar energy yield of PV/Grid system 
 
Table 7 shows the economic characteristics of the PV/Grid system, and Figure 34 the 
cash flow summary. From NPC and LCOE, 66% and 78% lower than the Grid system, 
respectively, it is clear how much more cost effective the system can be with the addi-
tion of renewable energy from PV only. Operating Cost is 87.6% lower than Base Case, 
which further proves how much cheaper renewable energy is over time. Capital Costs 
are about 60% of the total NPC, followed by O&M with around 27%. Replacement and 
Salvage costs relate only to the converter, since it has a lifetime of 15 years, and the 
project lasts for 25 years. Note here that the cost for energy from the Grid is only 
34,124.4 € during the project’s lifetime, which accounts for 13% of total NPC, and is 
95.6% lower than the one from the base-case system. 


















- € 776.40 - - € 776.40 - - 
Cycle 
Charging 
€ 500.00 - - - € 500.00 - - 
PV Array- 
LR6-72PH 
€ 108,451 € 21,173 - - € 129,624 - - 
Other 
(Emissions) 
- € 33,348 - - € 33,348 - - 
System 
Converter 
€ 50,777 € 13,218 € 37,728 -€ 10,317 € 91,406 - - 
System 
 
€ 159,728 € 68,515 € 37,728 -€ 10,317 € 255,654 €0.0429 €4,913 
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Figure 34 Cash flow summary of different costs of PV/Grid system (RF=0%) 
Table 8 shows the annual emissions of the system. In comparison to the Grid system, all 
emissions have decreased by 49%. It is very interesting to point out that this reduction is 
way lower that the reduction in costs. The main reason for this is that grid related costs 
depend on net energy purchased, meaning energy purchased from the Grid minus ener-
gy sold back, so if net energy is close to zero, costs decrease significantly. Emissions, 
however, depend only on energy purchased and as a result, don’t decrease with the 
same volume. 






















65,319 0 0 0 283 138 
 
Table 9 shows the monthly Grid energy of the PV/Grid system. As previously men-
tioned, even though the annual net energy purchased from the Utility is below zero, it is 
clear that this is not the case on a monthly basis. In June till August, when the electricity 
demand is higher and PV energy production lower than other months, energy purchased 
is higher than energy sold back to the Grid. From November till January, where both 
demand and PV energy are high, again net energy is positive. The other six months, en-
ergy sold back is a lot higher than energy purchased, which results in a negative annual 
net energy. 
From an economical point of view, it could be deduced that since the annual net energy 
is below zero, annual net emissions are also negative. From an environmental point of 
view, however, emissions cannot be retrieved from the atmosphere, simply by creating 
an annual “energy equilibrium”. Lastly, from a technical point of view, if the energy 
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sold back to the grid was utilized from another load nearby, then both economic and en-
vironmental impact of grid purchased energy would be lower, since it would benefit an-
other system, by sending to it “free” renewable energy. However, in this study this is 
not taken into consideration, since in the Greek Utility Grid this is not the case. In reali-
ty, energy fed back to the grid is not properly utilized, yet. As a result, this study con-
siders negative net energy as “wasted” energy, which should be minimized as much as 
possible. 











January 9,789 9,171 619 
February 7,818 8,612 -794 
March 8,498 9,096 -598 
April 8,215 8,944 -730 
May 8,283 8,824 -541 
June 8,153 7,708 444 
July 8,335 8,154 181 
August 8,733 8,173 560 
September 8,203 8,568 -364 
October 8,498 9,048 -550 
November 9,074 8,664 410 
December 9,753 8,687 1,066 
Annual 103,353 103,650 -297 
 
4.1.3 PV/Grid/Storage system (RF=75%) 
For the second optimization scenario, with restriction to the amount of renewable ener-
gy utilized at 75% of the total energy consumed, HOMER again created a combined 
PV/Grid system, but now with energy storage. Table 10 shows the technical and electri-
cal information of this system, and Figure 35, Figure 36, Figure 37 the annual energy 
yield from grid, PV array and state of charge of storage. Size of the PV array is larger 
than previous scenario at 124 kW, and produces 249,981 kWh/yr.  
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The converter is approximately half the size of previous case at 38.9 kW. Main reason is 
that HOMER’s control algorithm decides that it is more cost-effective to mostly charge 
the battery with the surplus energy from the PV array, a process that doesn’t need a 
converter. As a result, the remaining renewable energy, that either serves the load or is 
sold back to the Grid, is satisfyingly inverted with a smaller converter. 
Grid size is 35 kW instead of 85 kW, which means that whenever there is a peak in the 
load during the night above 35 kW, the energy storage “kicks in” and satisfies the re-
maining kilowatts, utilizing the 39 kW Converter. Grid only serves approximately 5% 
of the annual load. Excess electricity accounts for 3.74% of total electricity production, 
a larger percentage than previous case, which results from the smaller converter. 
Another interesting value here is the energy out of the energy storage. This value repre-
sents the amount of energy that was discharged from the battery in order to serve the 
load. With a value of 99,598 kWh/yr., energy storage was responsible for approximately 
50% of the consumption from the primary load, making possible the high value of 
95.4% for the Renewable Fraction, almost zero carbon emissions system. It is also in-
teresting to point out that no system between 75% and 95% is more cost-effective than 
this one. 





































1 - 99,598 - - - 
Converter 
(kW) 
38.9 - - - - - 
AC Primary 
Load 
- - - - 0 - 
Total 
 







Figure 35 Annual grid energy yield of PV/Grid/Storage system 
 
 
Figure 36 Annual solar energy yield of PV/Grid/Storage system 
 
 
Figure 37 Annual energy storage of PV/Grid/Storage system 
 
Table 11 shows the economic characteristics of the PV/Grid system with battery, and 
Figure 38 the cash flow summary. In comparison with the base case scenario, Operating 
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Cost is 88% decreased, where NPC and LCOE are lower by approximately 55% and 
58%, making it a generally cost-effective system and a worthy investment over time. 
Compared with the PV/Grid system, however, NPC and LCOE are by 35% and 95%, 
larger, respectively. Main reason is the implementation of energy storage with high cap-
ital and O&M costs, as well as the larger PV array. Operating Cost, on the other hand, is 
6% less than previous optimal system, mainly because it consumes much more renewa-
ble energy, by utilizing the energy storage system. 
Capital Costs here account for about 74% of the total NPC, followed by O&M with 
22%. Converter accounts for Replacement and Salvage costs. Also, it is interesting to 
point out that the cost for Grid energy here is even lower than previous scenario, at 
3,544€, accounting only for 1% of total NPC. 
All in all, from the economical point of view, PV/Grid/Storage system is more expen-
sive as an initial investment, but offers cheaper annual costs. 
 




















€ 100,000 € 39,047 - - € 139,047 - - 
Grid 
 
- € 435 - - € 434.59 - - 
Cycle  
Charging 
€ 500 - - - € 500.00 - - 
PV Array- 
LR6-72PH 
€ 124,251 € 24,258 - - € 148,509 - - 
Other 
(Emissions) 
- € 3,109 - - € 3,109 - - 
System 
Converter 
€ 29,158 € 7,590 € 21,665 -€ 5,924 € 52,489 - - 
System 
 




Figure 38 Cash flow summary of different costs of PV/Grid/Storage System (RF=75%) 
 
Table 12 shows the Annual emissions of the system. CO2, SO2 and NOx emissions are 
all 95% lower than Base Case, and 90% compared to PV/Grid system. From these val-
ues it is clear how much more environmentally friendly this system is compared with 
the previous ones. It also proves how important the implementation of energy storage is 
towards zero carbon communities. 






















6,090    26.4 12.9 
 
Table 13 shows the monthly grid energy of the system. Similarly, as with previous sys-
tem, from June till August and November till January, energy purchased is higher than 
energy sold back to the Grid. However, compared to previous PV/Grid system, this one 
has positive net energy purchases, since energy storage utilizes most of the PV pro-
duced energy and a very small amount is sold back to the Grid. 
As a result, from an economical point of view, PV/Grid/Storage system is more expen-
sive and has more net annual emissions compared to the previous optimal system. In 
reality and from an environmental point of view, because it consumes much less energy 
from the Grid, it has much less carbon emissions. 
It is also very interesting to point out here that, according to the NREL definition, both 
the previous system and this one is considered nZEC, but this one is closer to a ZEC, 
since it produces less energy. They are also both systems for a Zero-Emissions Com-
munity. 
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January 1,353 863 489 
February 578 1,177 -599 
March 658 1,120 -462 
April 615 1,129 -514 
May 541 907 -365 
June 857 483 374 
July 805 571 234 
August 962 464 497 
September 563 847 -284 
October 409 1,074 -665 
November 972 710 262 
December 1,321 489 833 
Annual 9,635 9,834 -198 
 
4.1.4 PV/Storage system (RF=100%) 
For the third and final grid-connected optimization scenario, with restriction to the Re-
newable Fraction at 100%, HOMER created a PV/Storage system, that only utilizes the 
Grid to sell back excessive energy. Table 14 shows the technical and electrical infor-
mation of this system, and Figure 39, Figure 40 the annual energy yield from grid, PV 
array and state of charge of storage. Size of the PV array is the largest so far at 130 kW, 
producing 261,629 kWh/yr. Converter is also high in power at 68.5 kW, since it has to 
serve the load at all times with renewable energy.  
As previously mentioned, Grid is only used for sellback in order to minimize excess 
electricity. This process takes effect during sudden peak demands, when batteries are 
fully charged and can’t absorb any more energy. Since Converter is large enough and 
load is almost steady throughout the year, sellback energy is high and excess electricity 
is as low as 1,049 kWh/yr., accounting for only 0.4% of total electricity production. 
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In this optimization scenario, batteries are fully responsible for the primary load during 
the night. This is the reason that two ESS Energy Warehouses are deployed instead of 
one. However, their Energy Out is 106,934 kWh/yr., only 7% more than previous 
PV/Grid/Storage system. This proves that systems with 100% Renewable Fraction need 
large energy storage to compensate for power losses and their adversity during sudden 
peak power demand. 


































2 - 106,934 - - - 
Converter 
(kW) 
68.5 - - - - - 
AC Primary 
Load 












Figure 39 Annual solar energy yield of PV /Storage system 
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Figure 40 Annual energy storage state of charge of PV /Storage system 
 
Table 15 shows the economic characteristics of the fully renewable system, and Figure 
41 the cash flow summary. Compared to the base case scenario, Operating Cost is 82% 
decreased, where NPC and LCOE are lower by approximately 32% and 38%, proving 
that, with careful and detailed research, a cost-effective 100% renewable energy system 
can be created. 
The PV/Storage system, however, is the most expensive investment, compared to the 
other two optimization systems, having the largest NPC, LCOE and Operating Cost. 
Main reason, as previously mentioned, is the large PV array and energy storage that the 
system needs to operate with 100% renewable energy. Capital Costs are about 74% of 
the total NPC, followed by O&M with 22%. 
 




















€ 200,000 € 78,094 - - € 278,094 - - 
Cycle 
Charging 
€ 500 - - - € 500 - - 
PV Array- 
LR6-72PH 
€ 130,041 € 25,388 - - € 155,429 - - 
System 
Converter 
€ 51,398 € 13,380 € 38,190 -€ 10,443 € 92,525 - - 
System 
 




Figure 41 Cash flow summary of different costs of PV/Storage system (RF=100%) 
 
As for the environmental aspect of the system, it can be considered a zero-carbon sys-
tem, since it produces no emissions whatsoever. However, it must be pointed out that 
such a system has site-specific implementation issues, because of its size and complexi-
ty. Also, regarding its sustainability, it produces a lot of excess electricity, even with a 
lot of it being fed back to the Grid. 
Table 16 shows this monthly energy sellback. From this it is clear that from February 
till May, September and October, Grid sellback energy maximizes. This results from the 
fact that the largest PV energy production takes place during these months, charging 
batteries faster and, simultaneously, creating surplus energy, since Grid can’t absorb it 
all. Also, as mentioned in previous optimized scenario, energy sold back is treated in 
this study as “wasted” energy, making this system even less sustainable. 
 











January  715 -715 
February  2,314 -2,314 
March  2,805 -2,805 
April  2,552 -2,552 
May  1,900 -1,900 
June  624 -624 
July  1,028 -1,028 
August  503 -503 
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September  1,903 -1,903 
October  2,267 -2,267 
November  922 -922 
December  140 -140 
Annual  17,674 -17,674 
 
4.2 Off-grid system 
This chapter presents the results of the off-grid system. Main difference with the grid-
connected one is the replacement of Grid as non-renewable energy source with a 60kW 
natural gas generator, which burns fuel at the given price of 0.3€/m3. This price repre-
sents the current Greek price from a natural gas provider [58]. Capacity shortage is con-
sidered zero, except in Base-Case system where a very low shortage was necessary for 
the system to work with only the generator As for the Renewable Fraction, same three 
values were simulated as with the grid-connected system. The affection of changes in 
capacity shortage and natural gas price, along with their relation to renewable fraction, 
will again be discussed on the next chapter. 
Renewable energy comes again from PV array. Energy storage is considered with Flow 
batteries, where applicable, since they produced better results again. Results of off-grid 
RES with Li-Ion batteries, along with all other results, are shown in the Appendix C.  
Like previous chapter, first the base case system is presented, with only the generator. 
However, only two optimized scenarios are shown here, a PV/Generator/Storage system 
and a PV/Storage one. The reason for this is that results showed that even with no re-
striction at Renewable Fraction, HOMER considered a system with optimal for the off-
grid system with Flow batteries. Li-Ion batteries did produce a different result with no 
restriction, but it wasn’t as cost-effective. 
4.2.1 Generator System (Base-Case) 
Table 17 shows the general electrical characteristics of this system. Like with the grid, 
the generator serves only the electric load. Because a generator of 60kW can’t serve this 
specific load 100%, some unmet load and capacity shortage exist. Also, because genera-
tor can’t operate below its 30% maximum capacity, a small percentage of excess elec-
tricity is created. However, all these values are too low to be considered significant for 
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the proper operation of an off-grid system. Figure 42 shows for every time step the an-
nual power of the generator, which looks very similar to the system with grid-only en-
ergy. 





























Figure 42 Annual generator energy yield of Generator system 
 
Table 18 shows the economic characteristics of the system. The initial costs for the gen-
erator and for the controller HOMER Predictive are considered capital costs, and ac-
count only for 2.2% of total costs. The Resource cost on the other hand, which represent 
the natural gas monthly fees in €/m3 of natural gas consumed, is the largest cost at 74% 
of total NPC, proving why generators are not a good investment, and are only used be-
cause of their initial low budget. Replacement is also an important cost here, at 23.8% 
of total costs. Basically, it shows that the generator needs replacing several times over 
the project’s lifetime, since it works almost at full load every year. O&M are charges for 
annual maintenance in the generator, compulsory for its continuing and uninterrupted 
operation. Emission charges don’t exist, yet, in Off-grid systems, so they were not as-
sumed in this study. After many times replacing, the final generator doesn’t reach its 
lifetime over the course of the 25-year period of the project, so a small Salvage cost is 
taken into consideration. Figure 43 shows the cash flow summary of different costs 
from the different types of components. 
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€ 18,600 € 5,131 € 203,818 -€ 4,535 € 633,616 € 856,630   
HOMER 
Predictive 
€ 500 - - - - € 500   
Total 
 
€ 19,100 € 5,131 € 203,818 -€ 4,535 € 633,616 € 857,130 0.218 €42,924 
 
 
Figure 43 Cash flow summary of different costs of Generator system 
 
Table 19 shows the annual emissions of the Generator system. Generator related emis-
sions in HOMER are CO2, PMs and NOx. Also, instead of monthly grid energy, in the 
Off-grid scenarios fuel consumption in m3/yr. will be shown. This is done for environ-
mental comparison purposes, in order to underline how much fewer fossil fuels are 
burned in each optimized scenario. 

























208,861 695 0 19.6 0 1,486 108,180 
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4.2.2 PV/Generator/Storage System (RF=0%) 
For the first optimization scenario, which was considered optimal for both RF values of 
0% and 75%, HOMER decided that the most cost-effective system is a combined 
PV/Generator one, with energy storage. Table 20 shows the technical and electrical in-
formation of this system, and Figure 44, Figure 45, the annual energy yield from gener-
ator and PV array and Figure 46 the state of charge for the ESS storage.  
Size of the PV array is 107 kW, and produces 215,522 kWh/yr. The converter, which 
here is utilized as both inverter (DC to AC) and rectifier (AC to DC), has a size of 51.8 
kW. The rectifier is used here thanks to the HOMER Predictive controller that predicts 
the few sudden peak demands. Therefore, it charges the batteries with the generator be-
forehand, in order to serve the primary load at 100%.  
Generator accounts only for 13.8% of the electricity production, and 17% of the elec-
tricity consumption. The rest of the energy is completely renewable. The most interest-
ing characteristic is that a significant part of renewable energy comes through the ener-
gy storage, satisfying almost 37% of the primary load. Excess electricity accounts for 
7.43% of total electricity production. 
 







































1 - 74,095 - - - 
Converter 
(kW) 
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Figure 44 Annual generator energy yield of PV/Grid/Storage system 
 
 
Figure 45 Annual solar energy yield of PV/Generator/Storage system 
 
Figure 46 Annual energy storage state of charge of PV/Generator/Storage system 
Table 21 shows the economic characteristics of the PV/Generator/Storage system, and 
Figure 47 the cash flow summary. The 47% lower values of NPC and LCOE, compared 
to the Generator system, represent the economic affection of PV and storage in an Off-
grid system. Operating Cost is 77.6% lower than Base Case, which also proves how 
cost-effective proper utilization of renewable energy is over time. Capital Costs are 
about 58% of the total NPC, followed by Resource with around 20%. O&M are quite 
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larger than the Base-Case, since this system is much more complex and requires de-
tailed configuration. Replacement and Salvage costs relate both to generator and con-
verter.  
From both Resource and Replacement costs, 86% and 79.5% lower than generator sys-
tem, respectively, it is clear how much less the generator is chosen to be utilized in or-
der to achieve an optimized HRES, from an economical point of view. 





















€ 18,600 € 470.32 12,849 -7,501 € 90,731 € 115,149 - - 
Storage- 
ESS En. War. 
50kW/400kWh 
€ 100,000 € 39,047 - - - € 139,047 - - 
HOMER 
Predictive 
€ 500 - - - - € 500 - - 
PV Array- 
LR6-72PH 
€ 107,123 € 20,914 - - - 128,038 - - 
System 
Converter 
€ 38,875 € 10,120 € 28,885 -€ 7,899 - € 69,981 - - 
System 
 
€ 265,099 € 70,551 € 41,734 -€ 15,400 € 90,731 452,715 €0.116 €9,610 
 
 
Figure 47 Cash flow summary of different costs of PV/Generator/Storage system (RF=0%) 
 
Table 22 shows the annual emissions of the system. Compared to the Generator system, 
all emissions have decreased by 85.6%. This is expected, since generator usage in the 
system has dropped by the same amount, and it is fully responsible for emissions. As a 
result, the PV/Generator/Storage system is not only cost-effective, but environmentally 
advantageous too. 
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29,908 99.5 0 2.80 0 213 15,491 
 
4.2.3 PV/Storage system (RF=100%) 
The last optimization scenario, as with grid-connected, is an only renewable PV/Storage 
system. Table 23 shows the technical and electrical information of this system, and Fig-
ure 48, Figure 49 the annual power per time step PV array and energy storage. Size of 
the PV array is as large as in previous similar scenario, at 130 kW, producing 260,542 
kWh/yr. as well as converter, with 69.4 kW power and energy storage of 800kWh.  
The only difference from the grid-connected is that all surplus energy can’t be fed back 
to the Grid and, as a result, excess electricity is higher at 18,648 kWh/yr. 
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Storage- 
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2 - 133,895 - - - - 
Converter 
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Figure 48 Annual solar energy PV/Storage system 
 
 
Figure 49 Annual energy storage state of charge of PV/Storage system 
 
Table 24 shows the economic characteristics of the PV/Storage system, and Figure 50 
the cash flow summary. Compared to the Generator system, Operating Cost is 82.6% 
decreased, where NPC and LCOE are both lower by 38.5%. 
Compared to previous scenario, however, NPC and LCOE are both 16% higher. Capital 
Costs are about 73% of the total NPC, followed by O&M with 22%. 
The most interesting part here is the difference in LCOE between this system and the 
one with grid sellback. And the main reason that it is higher here by 9%, is the only dif-
ference between these two systems: the grid sellback. More accurately, as already men-
tioned in previous chapter, HOMER defines LCOE as the average cost per kWh of 
“useful” electrical energy. And since the previous system gives some of its surplus en-
ergy back to the grid, it is logical that this system has a higher LCOE. Also, even 
though this study considers grid sellback as “wasted” energy that needs to be mini-
mized, it should also be taken into consideration that if properly connected with a near-
by HRES, this energy has the possibility to be transformed into useful energy. 
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€ 200,000 € 78,094 - - - € 278,094 - - 
HOMER 
Predictive 
€ 500 - - - - € 500 - - 
PV Array- 
LR6-72PH 
€ 129,500 € 25,283 - - - € 154,783 - - 
System 
Converter 
€ 52,043 € 13,548 € 38,669 -€ 10,574 - € 93,686 - - 
System 
 




Figure 50 Cash flow summary of different costs of PV /Storage system (RF=100%) 
Lastly, from the environmental viewpoint, it has the same attributes as the grid-
connected one, with no emissions whatsoever. 
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5 Discussion-Optimization Re-
sults & Sensitivity Analysis 
In this discussion chapter, the comparison of all previous presented results will take 
place, along with a sensitivity analysis of the HRESs.  
5.1 Results Comparison 
The results of all the optimization scenarios will be presented here. They will include 
the technical, electrical and economical characteristics of all scenarios, as well as their 
annual emissions. These results will be compared with the base case scenarios accord-
ing to three different categories: sustainability, cost and environmental impact. 
5.1.1 Grid-Connected systems 
From Table 25 and Figure 51, it is clear that the PV/Grid system produces the most en-
ergy, both renewable and non-renewable, therefore it is the least sustainable. 
PV/Storage with grid sellback also produces surplus energy that the load doesn’t con-
sume, even if it is only renewable one. The system with the least overall energy produc-
tion is the one that utilizes all technologies, the PV/Grid/Storage system. Note here that 
this system’s excess electricity is larger than the PV/Storage, however the reason for 
this is that the PV/Storage gives a lot of surplus energy back to the grid, as mentioned in 
previous chapter, and as shown in Table 26. 
On the other hand, as for the economical aspect, Table 27 and  
Figure 52 show all different costs of the systems, and Table 28 the comparison between 
all these systems’ NPC, COE and Operating Costs with the Grid-only system. It is ob-
vious that the PV/Grid here is the most economical system, followed by the 
PV/Grid/Storage/ and the most expensive of all is the PV/Storage. Even this only re-
newable scenario, however, outperforms the Grid only by approximately 32% in NPC, 
38% in COE and 81.3% in Operating Costs. 
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Also, from the environmental point of view, Table 29 proves the obvious, that 
PV/Storage is the least environmentally harmful system, followed by PV/Grid/Storage 
and PV/Grid. 
 
Table 25: Technical and electrical characteristics of all grid-connected systems. 



















































85 - 130 
261,629 
(100%) 
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Net Energy Purchased 
Reduction Rate 
(%) 
Grid 201,370 - 201,370 - 
PV/Grid 103,353 103,650 -297 -100.15% 
PV/Grid/Storage 9,635 9,834 -198 -100.10% 
PV/Storage 
w. Grid Sellback 
- 17,674 -17,674 -108.78% 
 









Grid € 500 € 773,412 - - 
PV/Grid € 159,728 € 68,515 € 37,728 -€ 10,317 
PV/Grid/Storage € 253,909 € 74,439 € 21,665 -€ 5,924 
PV/Storage 
w. Grid Sellback 
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Table 28: NPC, LCOE, Operating Cost of all scenarios / comparison with Base-Case system. 























PV/Grid €255,654 -66.97% €0.0429 -78.22% €4,913 -87.60% 4.4 




€526,547 -31.96% €0.123 -37.56% €7,407 -81.30% 11.34 
 














Grid 127,266 552 270 - 
PV/Grid 65,319 283 138 -48.68% 
PV/Grid/Storage 6,090 26.4 12.9 -95.21% 
PV/Storage 
w. Grid Sellback 
- - - -100% 
 
5.1.2 Off-Grid systems 
In the off-grid optimization process, the three different aspects are easier to identify.  
More accurately, from both a sustainable and economical point of view, the 
PV/Generator/Storage is the best, followed by PV/Storage. Table 30, Table 31, Table 
32, Figure 53 and Figure 54, prove this statement and also show how much better all 
optimized systems are from the Generator only system. 
Lastly, from the environmental aspect, PV/Storage with zero emissions is the best sys-
tem. 
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Table 30: Technical and electrical characteristics of all off-grid systems. 









































PV/Storage - - 130 
260,542 
(100%) 






























Figure 53 Generator and PV energy production of all off-grid systems 
 












Generator € 19,100 € 5,131 € 203,818 -€ 4,535 € 633,616 
PV/Gen./Stor. € 265,099 € 70,551 € 41,734 -€ 15,400 € 90,731 
























Capital O&M Replacement Salvage Resource
  
Figure 54 Net present costs of all off-grid systems 
 
Table 32: NPC, LCOE, Operating Cost of all scenarios / comparison with Base-Case system. 



















Generator € 857,130 - € 0.218 - € 42,924 - - 
PV/Gen/Stor. € 452,715 -47.18% € 0.116 -46.79% € 9,610 -77.61% 7 
PV/Storage € 527,063 -38.51% € 0.134 -38.53% € 7,428 -82.69% 9.8 
 

















Fuel & Emissions 
Reduction Rate 
(%) 
Generator 208,861 695 19.6 1,486 108,180 - 
PV/Gen./Stor. 29,908 99.5 2.80 213 15,491 -85.68% 
PV/Storage - - - - - -100% 
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5.2 Sensitivity analysis 
The last section of this chapter is dedicated on how changes in sensitivity variables af-
fect the optimization process in HOMER. More accurately, by changing the limits to 
cost parameters, like grid sellback and natural gas price, and technical ones, like renew-
able fraction and capacity shortage, the differences in the final results and type of sys-
tem will be discussed. The reason for this is in order to discover how the above HRESs 
are affected by changes in sensitivity values, as well as if HOMER can find more cost-
effective systems through these changes. 
5.2.1 Grid connected systems 
For the grid-connected systems, as mentioned in previous chapter, sellback rate, capaci-
ty shortage and renewable fraction are taken as sensitivity variables. The graphs below 
show how each sensitivity variable affects cost (NPC, COE), sustainability (excess elec-
tricity) and environment (CO2 emissions), with no restriction to the other sensitivity 
variables. They also show the type of system that is optimal for each pair of sensitivity 
cases, with no restriction to the third. 
Sellback rate 
Figure 55 shows the affection of sellback rate in NPC and excess electricity, and Figure 
56 in COE and CO2 emissions. It is obvious that, as sellback rate grows, so does the 
renewable energy production, by means of larger PV arrays, in order to sellback as 
much energy to the grid as possible. This results in lowered NPC, COE and CO2 emis-
sions. The only drawback is the increase in excess electricity, due to the shift of priority 
from serving the load to selling back energy to the grid. 
The most interesting part is that all the above happen at grid-sellback rate of 0.1€/kWh. 
With the rate at 0.05€/kWh, HOMER doesn’t deem it cost-effective to change the sys-
tem in any way. 
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Figure 55 Sellback rate – NPC & excess electricity percent 
 
 
Figure 56 Sellback rate – COE & CO2 emissions 
 
Renewable fraction 
Figure 57 shows the affection of renewable fraction restriction in NPC and excess elec-
tricity, and Figure 58 in COE and CO2 emissions. Renewable energy usage below 50% 
is not considered as optimal in any case. After this, COE rises normally, and NPC at a 
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different rate between 75% and 100%. CO2 drop at a considerable rate after 50%. Ex-
cess electricity, however, rises from 50% to 75% and then from 75% to 100% drops al-
most to zero. Main reason for this is the compatibility between all the system’s elements 
and the load profile of the community. 
 
Figure 57 Renewable fraction – NPC & excess electricity percent 
 
 




From Figure 59, Figure 60, it is clear that capacity shortage changes don’t affect the 
overall system that much. More accurately, until 10% capacity shortage, the optimal 
system has pretty much the same NPC, COE, CO2 and excess electricity as with 0%. 
Then, at 20%, NPC and CO2 emissions drop, where COE and excess electricity rise. 
Main reason for this is that even though HOMER finds as optimal a smaller system be-
cause of the much lower NPC, renewable energy yield is not as good as the previous 
one, which results in larger excess electricity and COE. However, these are only small 
increases, which HOMER don’t take much into consideration in its optimization pro-
cess. 
After this, even with capacity shortage restriction as large as 50%, HOMER doesn’t find 
any other cost-effective system. 
 
Figure 59 Capacity shortage – NPC & excess electricity percent 
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Figure 60 Capacity shortage – COE & CO2 emissions 
 
Optimal system type - Sellback rate/Capacity shortage 
The following Figure 61 shows the optimal system type, in regards to sellback rate and 
capacity shortage. Since the sellback rate is greater than zero, HOMER chooses opti-
mized systems with as much renewable as it can, in order to minimize COE & NPC. As 
a result, the system changes priority and, even though capacity shortage increases and 
the load is satisfied with less energy, PV array doesn’t change and even increases in size 
in order to sell back to the grid as much energy as possible. 
 
Figure 61 optimal system type –sellback rate and capacity shortage 
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Optimal system type - Sellback rate/Renewable Fraction  
The following Figure 62 shows the optimal system type, as sellback rate and renewable 
fraction rise. It is interesting to notice that at around 70% to 75% renewable fraction, 
sustainable PV/Grid/Storage system is selected as optimal. After this, PV/Storage is 
chosen to satisfy the load and keep renewable fraction high, even though sellback rate 
increases. 
 
Figure 62 optimal system type –sellback rate and Renewable Fraction 
 
Optimal system type - Renewable Fraction/Capacity shortage  
The following Figure 63 shows the optimal system type, in regard to renewable fraction 
and capacity shortage. It is noted that as much as four types of systems are chosen as 
these two sensitivity variables change. The most interesting one is the PV/Grid/Storage 
with Li-Ion battery, at around 70% of RF and 10% of CS. Also, it is clear from here that 
a PV/Grid/Storage system with the Flow batteries serves the load with very high renew-
able fractions, as proven by the sustainable system presented in previous chapter. 
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Figure 63 optimal system type –Renewable Fraction and capacity shortage 
5.2.2 Off-Grid systems 
For the off-grid systems, it is clear that the system with lowest COE and CO2 emissions 
is the more sustainable, since it utilizes as much renewable energy as possible. Below 
the same graphs as grid-connected are presented. 
Natural gas price 
Figure 64 shows the affection of the natural gas price in NPC and excess electricity, and 
Figure 65 in COE and CO2 emissions. For prices between 0,3 €/m3 and 0,45 €/m3, all 
values increase. After this, at 0,6€/m3, excess electricity and CO2 emissions start de-
creasing, and CO2 reaches zero. The reason is that after a certain value, the generator is 




Figure 64 Natural gas price – NPC & excess electricity percent 
 
 
Figure 65 Natural gas price – COE & CO2 emissions 
 
Off-Grid - Renewable fraction 
Figure 66 shows the affection of renewable fraction restriction in NPC and excess elec-
tricity, and Figure 67 in COE and CO2 emissions. Like grid connected, renewable en-
ergy usage below a certain point is not considered optimal. Here the value is 75% and 
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so all values remain the same. After this a completely RES must be created, where NPC 
and COE increase, excess electricity decreases and the system becomes zero carbon. 
 
Figure 66 Renewable fraction – NPC & excess electricity percent 
 
 
Figure 67 Renewable fraction – COE & CO2 emissions 
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Off-Grid - Capacity shortage 
From Figure 68, Figure 69, it is clear that capacity shortage changes affect the overall 
system not at a steady rate. More accurately, COE decreases until 10%, remains the 
same until 30%, slightly increases at 40% and decreases again at 50%, at the same value 
as with 30% shortage. This is mainly caused because of the energy storage usage, which 
is not utilized at 40% as good as between 10 and 30% and at 50% capacity shortage. 
Excess electricity reaches as low as zero at 40% and 50%, meaning that energy storage 
absorbs all of the PV energy. NPC decreases steadily, since as capacity shortage de-
creases, a smaller system is considered optimal. 
 
Figure 68 Capacity shortage – NPC & excess electricity percent 
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Figure 69 Capacity shortage – COE & CO2 emissions 
 
Off-Grid – Natural gas price/Renewable Fraction  
The following Figure 70 shows the optimal system type, as natural gas price and re-
newable fraction rise. It is interesting to notice that at max 0.46 €/m3 fuel price and be-
low 75% renewable fraction, generator is deemed necessary for the optimal cost-
effective system. After this, system type is only a RES. 
 
Figure 70 optimal system type –natural gas price and Renewable Fraction 
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Off-Grid – Natural gas price/Capacity shortage 
The following Figure 71 shows how HOMER decides for the optimal system, as natural 
gas price and capacity shortage rise. The part that should be noted is that at approxi-
mately 0,47€/m3 gas price, with zero capacity shortage, HOMER decides that it is no 
longer cost-effective to utilize the 60kW natural gas generator. Of course, as capacity 
shortage grows, the necessity in non-renewable energy also diminishes. And after 8,5%, 
PV array with ESS storage are capable of satisfying the load at around 96%. 
 
Figure 71 optimal system type – natural gas price and Renewable Fraction 
 
Off-Grid - Renewable Fraction/Capacity shortage  
Figure 72 shows the type of system that HOMER choses as capacity shortage and re-
newable fraction grow. It is obvious that with natural gas price steady at 0,3€/m3 and 
capacity shortage at low levels, generator is necessary. The most interesting part is that 
as capacity shortage grows, the optimal system is PV/Storage and even though NPC 
continues to decrease, COE rise at 40% of capacity shortage, and then falls again, as 
already mentioned. 
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Figure 72 optimal system type –Renewable Fraction and capacity shortage 
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6 Conclusions 
The concept of a Zero-Energy Community seems too farfetched right now. EU newest 
environmental regulations [12] suggest, however, zero carbon emissions until the end of 
2050, which was considered unreasonable during the Kyoto protocol in 1997, where the 
only commitment that 38 industrialized countries had to make was reduce greenhouse 
gases by 5.2% until 2012 [13]. So, as technology continues to upgrade at a perpetual 
pace, creating self-sustained communities by utilizing renewable energy on-site shows a 
lot of promise in the near future, which will also result in the environmental sustainabil-
ity of future generations. 
This study can serve as a base towards this goal, by helping in the realization of smart 
microgrids. More accurately, from all considered perspectives (economic, sustainability 
and environmental) it provides quantified comparison results of HRESs’ size and costs 
with base case scenarios, proving that an investment to renewable energy sources is 
healthy and prosperous. Also, it can help in the problem of microgrid social acceptance, 
since the results can be easily utilized from both public and private companies in the 
energy sector, to convince end-users to become part of a smart energy community.  
This study uses energy storage based on flow batteries, after being compared with Li-
Ion and proven more reliable. This is one more advantage which can pave the way to 
study, design and realization of multiple types of batteries in smart microgrids. 
From a ZEC perspective, no grid-connected system that was presented has annual re-
newable production equal to electricity consumption. Main reason for this is HOMER’s 
minimum-cost based optimization, which doesn’t consider systems with high cost, but 
zero excess electricity. All optimization systems, however, can be considered systems 
of a nZEC and of a Zero-Emissions Community, according to [14].  
One of the main challenges in the design of all the optimal HRESs, was the decision in 
the type of components that would be combined to produce the lowest possible energy. 
For this reason, first solar panels with high energy efficiency and low temperature coef-
ficient were chosen. Proper Li-Ion batteries and flow batteries were simultaneously 
simulated, in order for HOMER to decide the most cost-effective solution. Only the sys-
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tem converter was not specifically designed, which was left to HOMER’s optimizer, 
providing the desired results in each optimization case.  
For grid-connected systems, grid capacity optimization was chosen for better results, 
and scheduled rates, like demand rates and emissions fees, were the most challenging to 
simulate, because of the massive PPC data. Also, for off-grid system, a suitable natural 
gas generator was chosen after many simulations with simple diesel generators and their 
comparison to natural gas ones. Also, present and future natural gas prices were derived 
from various data, both national and global.  
Another challenge of this study was HOMER’s huge information in optimization and 
sensitivity analysis results. Basically, because HOMER is based on an enumeration al-
gorithm, it produces many results and becomes slower as sensitivity analysis increases. 
In this study, for the grid-connected system HOMER made 228,690 simulations, which 
comprised of 2,178 optimization cases and 105 sensitivity cases. For off-grid it took 
HOMER 76,230 simulations, consisting of 726 optimization cases and 105 sensitivity 
cases, to reach the final conclusions. From all these, after tabularizing the necessary op-
timization and sensitivity results, the most important graphs, that better explained the 
optimization systems and sensitivity analysis, were chosen to be presented. 
As mentioned in second chapter, controller in smart microgrids is very important. This 
study followed control methods from HOMER that basically try to minimize non-
renewable energy consumption, by maximizing energy storage annual throughput. Fu-
ture studies could focus on specific Matlab generated algorithms, like cognitive adap-
tive or swarm optimization, and research how they affect final results, from cost-
effectiveness and sustainability perspectives. 
The scaled annual average electricity consumption was derived from a 20-year-old 
building. Future studies could consider some necessary adjustments for energy demand 
reduction and how they affect the optimal designed HRES. Some renovation examples 
are the use of LED light bulbs instead of fluorescent ones, high energy class electrical 
appliances. However, it should be noted here that lower annual electricity consumption 
is only one part of the solution to high energy yield. The other very important one as 
proven, is the minimization of maximum power demand and power demand shift, like 
behavior changes in energy use with financial incentives. That way, a smaller, sustaina-
ble and, easy-to-manage HRES will be able to fully satisfy a community’s loads. 
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With that in mind, an important assumption of our analysis was that all buildings follow 
a community load profile, even though most of the space is occupied by residences. The 
main reason is that this study considers the design of a ZEC, so a suitable load profile 
was selected, in order to manage one of the most important aspects towards a ZEC: the 
demand response from the consumer’s side. HOMER also provides a residential load 
profile, which when applied, provided worse results, both from economic and environ-
mental perspective, due to very high annual peak loads. Future studies could be based 
on this study’s results, and compare them with systems from different load profiles. 
Another important future prospect, that this study can act as basis, is the design of a ful-
ly renewable smart microgrid for this specific ZEC, which instead of the utility grid or a 
generator could have its main energy production from the combination of a fuel cell, 
electrolyzer and hydrogen tank. PV and energy storage are a given.  
As for the sensitivity analysis, this study focused on four sensitivity variables related to 
technical and economic aspects. However, there are also many other variables that can 
create different types of system. For example, specific technical variables can alter final 
results. PV panel’s efficiency, degradation rate and temperature coefficient, energy stor-
age’s initial and minimum state of charge, or efficiency and relative capacity of specific 
type of converters. Also, weather related differences, like temperature, wind and solar 
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Appendix 
A. Calculation of electricity consumption (kWh/day) 
The yellow marked values are the known values from data gathered for all buildings. 
The rest are derived from those values. 
 













1st building 900 72,495 198.616 80.55 
2nd building 700 5,6385 154.479   
3rd building 500 4,0275 110.342   
4th building 400 3,2220 88.274   

















B. Tabulated Optimization results – Grid-connected HRES 
 
Table 35: Grid-connected results (sellback rate=0.1). 










































 cost  
(€/yr) 
0.00 0.00 242.83     85.00 127.80 80.51 10.49 488,541     98,175 302,468 96,875 € 0.01 € -12,411 € 
0.00 0.00 242.28   1.00 85.00 128.16 80.51 10.33 487,437   0 98,182 302,388 104,309 € 0.01 € -12,185 € 
0.00 0.00 352.50 1.00   55.00 127.63 86.31 14.58 709,202 185,072   81,586 394,736 148,819 € 0.01 € -20,483 € 
0.00 0.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 0.00       85.00   0.00 0.00       201,371 0 773,912 € 0.20 € 39,615 € 
0.00 0.00     1.00 85.00 0.27 0.00 0.00     0 201,371 0 781,709 € 0.20 € 39,834 € 
0.00 0.00   1.00   85.00 2.15 0.00 0.00   140   201,565 0 916,602 € 0.23 € 41,719 € 
0.00 0.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 100.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 100.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 25.00 242.83     85.00 127.80 80.51 10.49 488,541     98,175 302,468 96,875 € 0.01 € -12,411 € 
0.00 25.00 242.28   1.00 85.00 128.16 80.51 10.33 487,437   0 98,182 302,388 104,309 € 0.01 € -12,185 € 
0.00 25.00 352.50 1.00   55.00 127.63 86.31 14.58 709,202 185,072   81,586 394,736 148,819 € 0.01 € -20,483 € 
0.00 25.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 25.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 50.00 242.83     85.00 127.80 80.51 10.49 488,541     98,175 302,468 96,875 € 0.01 € -12,411 € 
0.00 50.00 242.28   1.00 85.00 128.16 80.51 10.33 487,437   0 98,182 302,388 104,309 € 0.01 € -12,185 € 
0.00 50.00 352.50 1.00   55.00 127.63 86.31 14.58 709,202 185,072   81,586 394,736 148,819 € 0.01 € -20,483 € 
0.00 50.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 50.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 75.00 242.83     85.00 127.80 80.51 10.49 488,541     98,175 302,468 96,875 € 0.01 € -12,411 € 
0.00 75.00 242.28   1.00 85.00 128.16 80.51 10.33 487,437   0 98,182 302,388 104,309 € 0.01 € -12,185 € 
0.00 75.00 352.58 1.00   55.00 128.86 86.33 14.51 709,359 184,617   81,604 395,558 149,007 € 0.01 € -20,525 € 
0.00 75.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 75.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
5.00 0.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
5.00 0.00 242.28   1.00 55.00 128.16 80.53 10.33 487,437   97 98,066 302,376 103,978 € 0.01 € -12,202 € 
5.00 0.00 351.34 1.00   35.00 127.24 90.22 14.78 706,854 166,713   56,524 376,570 125,102 € 0.01 € -21,624 € 
5.00 0.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 0.00       55.00   0.00 0.00       201,131 0 772,899 € 0.20 € 39,563 € 
5.00 0.00     1.00 55.00 0.27 0.00 0.00     16 201,148 0 780,762 € 0.20 € 39,786 € 
5.00 0.00   1.00   55.00 2.15 0.00 0.00   264   201,471 0 916,147 € 0.23 € 41,695 € 
5.00 0.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 100.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 100.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 25.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
5.00 25.00 242.28   1.00 55.00 128.16 80.53 10.33 487,437   97 98,066 302,376 103,978 € 0.01 € -12,202 € 
5.00 25.00 351.34 1.00   35.00 127.24 90.22 14.78 706,854 166,713   56,524 376,570 125,102 € 0.01 € -21,624 € 
5.00 25.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 25.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 50.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
5.00 50.00 242.28   1.00 55.00 128.16 80.53 10.33 487,437   97 98,066 302,376 103,978 € 0.01 € -12,202 € 
5.00 50.00 351.34 1.00   35.00 127.24 90.22 14.78 706,854 166,713   56,524 376,570 125,102 € 0.01 € -21,624 € 
5.00 50.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 50.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 75.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
5.00 75.00 242.28   1.00 55.00 128.16 80.53 10.33 487,437   97 98,066 302,376 103,978 € 0.01 € -12,202 € 
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5.00 75.00 351.34 1.00   35.00 127.24 90.22 14.78 706,854 166,713   56,524 376,570 125,102 € 0.01 € -21,624 € 
5.00 75.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 75.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
10.00 0.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
10.00 0.00 240.57   2.00 35.00 128.64 81.53 10.05 483,994   1,905 91,674 301,454 97,031 € 0.01 € -12,658 € 
10.00 0.00 242.70 1.00   85.00 129.06 80.48 10.31 488,296 140   98,497 303,243 236,719 € 0.02 € -10,412 € 
10.00 0.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 0.00       55.00   0.00 0.00       201,131 0 772,899 € 0.20 € 39,563 € 
10.00 0.00     1.00 55.00 0.27 0.00 0.00     16 201,148 0 780,762 € 0.20 € 39,786 € 
10.00 0.00   1.00   35.00 5.36 0.00 0.00   6,750   199,360 0 912,146 € 0.24 € 41,367 € 
10.00 0.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 100.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 100.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 25.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
10.00 25.00 240.57   2.00 35.00 128.64 81.53 10.05 483,994   1,905 91,674 301,454 97,031 € 0.01 € -12,658 € 
10.00 25.00 242.70 1.00   85.00 129.06 80.48 10.31 488,296 140   98,497 303,243 236,719 € 0.02 € -10,412 € 
10.00 25.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 25.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 50.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
10.00 50.00 240.57   2.00 35.00 128.64 81.53 10.05 483,994   1,905 91,674 301,454 97,031 € 0.01 € -12,658 € 
10.00 50.00 242.70 1.00   85.00 129.06 80.48 10.31 488,296 140   98,497 303,243 236,719 € 0.02 € -10,412 € 
10.00 50.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 50.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 75.00 242.83     55.00 127.80 80.55 10.49 488,541     97,971 302,468 96,317 € 0.01 € -12,439 € 
10.00 75.00 240.57   2.00 35.00 128.64 81.53 10.05 483,994   1,905 91,674 301,454 97,031 € 0.01 € -12,658 € 
10.00 75.00 351.34 1.00   35.00 127.24 90.22 14.78 706,854 166,713   56,524 376,570 125,102 € 0.01 € -21,624 € 
10.00 75.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 75.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
20.00 0.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
20.00 0.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
20.00 0.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
20.00 0.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
20.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
20.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
20.00 0.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 100.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 100.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 25.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
20.00 25.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
20.00 25.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
20.00 25.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 25.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 50.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
20.00 50.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
20.00 50.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
20.00 50.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 50.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 75.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
20.00 75.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
20.00 75.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
20.00 75.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 75.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
30.00 0.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
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30.00 0.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
30.00 0.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
30.00 0.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
30.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
30.00 0.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
30.00 100.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 100.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 25.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
30.00 25.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
30.00 25.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
30.00 25.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 25.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 50.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
30.00 50.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
30.00 50.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
30.00 50.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 50.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 75.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
30.00 75.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
30.00 75.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
30.00 75.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 75.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
40.00 0.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
40.00 0.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
40.00 0.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
40.00 0.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 0.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
40.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
40.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
40.00 100.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 100.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 25.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
40.00 25.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
40.00 25.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
40.00 25.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 25.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 50.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
40.00 50.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
40.00 50.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
40.00 50.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 50.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 75.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
40.00 75.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
40.00 75.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
40.00 75.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 75.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
50.00 0.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
50.00 0.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
50.00 0.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
50.00 0.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 0.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
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50.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
50.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
50.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
50.00 100.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 100.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 25.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
50.00 25.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
50.00 25.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
50.00 25.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 25.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 50.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
50.00 50.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
50.00 50.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
50.00 50.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 50.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 75.00 242.83     35.00 127.80 81.87 10.64 488,541     89,849 302,468 77,591 € 0.01 € -13,398 € 
50.00 75.00 242.28   1.00 35.00 128.16 81.70 10.46 487,437   1,014 90,818 302,285 87,417 € 0.01 € -13,050 € 
50.00 75.00 276.00 1.00   35.00 87.12 87.30 15.91 555,285 161,694   57,193 249,127 231,223 € 0.03 € -10,788 € 
50.00 75.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 75.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
 
Table 36: Grid-connected results (sellback rate=0.05). 
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0.00 0.00 108.58     85.00 67.34 66.09 2.01 218,455     103,340 103,355 255,295 € 0.04 € 4,902 € 
0.00 0.00 108.92   1.00 85.00 67.08 66.10 2.20 219,136   0 103,306 103,372 262,728 € 0.04 € 5,106 € 
0.00 0.00 163.62 1.00   55.00 37.44 82.17 18.52 329,179 135,589   46,011 56,706 390,746 € 0.08 € 5,048 € 
0.00 0.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 0.00       85.00   0.00 0.00       201,371 0 773,912 € 0.20 € 39,615 € 
0.00 0.00     1.00 85.00 0.27 0.00 0.00     0 201,371 0 781,709 € 0.20 € 39,834 € 
0.00 0.00   1.00   85.00 2.15 0.00 0.00   140   201,565 0 916,602 € 0.23 € 41,719 € 
0.00 0.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 100.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 100.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 25.00 108.58     85.00 67.34 66.09 2.01 218,455     103,340 103,355 255,295 € 0.04 € 4,902 € 
0.00 25.00 108.92   1.00 85.00 67.08 66.10 2.20 219,136   0 103,306 103,372 262,728 € 0.04 € 5,106 € 
0.00 25.00 163.62 1.00   55.00 37.44 82.17 18.52 329,179 135,589   46,011 56,706 390,746 € 0.08 € 5,048 € 
0.00 25.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 25.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 50.00 108.58     85.00 67.34 66.09 2.01 218,455     103,340 103,355 255,295 € 0.04 € 4,902 € 
0.00 50.00 108.92   1.00 85.00 67.08 66.10 2.20 219,136   0 103,306 103,372 262,728 € 0.04 € 5,106 € 
0.00 50.00 163.62 1.00   55.00 37.44 82.17 18.52 329,179 135,589   46,011 56,706 390,746 € 0.08 € 5,048 € 
0.00 50.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 50.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 75.00 161.97     85.00 100.16 75.01 2.35 325,863     99,975 198,658 266,014 € 0.03 € 1,456 € 
0.00 75.00 162.06   1.00 85.00 100.14 75.01 2.38 326,055   0 99,971 198,733 273,457 € 0.04 € 1,664 € 
0.00 75.00 159.10 1.00   55.00 34.20 80.61 19.10 320,094 133,940   48,837 50,504 390,702 € 0.08 € 5,401 € 
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(€/yr) 
0.00 75.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 75.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
5.00 0.00 108.69     55.00 67.14 66.12 2.12 218,672     103,108 103,221 254,895 € 0.04 € 4,884 € 
5.00 0.00 108.92   1.00 55.00 67.08 66.13 2.20 219,136   104 103,181 103,357 262,486 € 0.04 € 5,094 € 
5.00 0.00 162.94 1.00   35.00 36.44 80.37 19.40 327,811 133,328   50,716 57,110 394,050 € 0.08 € 5,290 € 
5.00 0.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 0.00       55.00   0.00 0.00       201,131 0 772,899 € 0.20 € 39,563 € 
5.00 0.00     1.00 55.00 0.27 0.00 0.00     16 201,148 0 780,762 € 0.20 € 39,786 € 
5.00 0.00   1.00   55.00 2.15 0.00 0.00   264   201,471 0 916,147 € 0.23 € 41,695 € 
5.00 0.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 100.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 100.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 25.00 108.69     55.00 67.14 66.12 2.12 218,672     103,108 103,221 254,895 € 0.04 € 4,884 € 
5.00 25.00 108.92   1.00 55.00 67.08 66.13 2.20 219,136   104 103,181 103,357 262,486 € 0.04 € 5,094 € 
5.00 25.00 162.94 1.00   35.00 36.44 80.37 19.40 327,811 133,328   50,716 57,110 394,050 € 0.08 € 5,290 € 
5.00 25.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 25.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 50.00 108.69     55.00 67.14 66.12 2.12 218,672     103,108 103,221 254,895 € 0.04 € 4,884 € 
5.00 50.00 108.92   1.00 55.00 67.08 66.13 2.20 219,136   104 103,181 103,357 262,486 € 0.04 € 5,094 € 
5.00 50.00 162.94 1.00   35.00 36.44 80.37 19.40 327,811 133,328   50,716 57,110 394,050 € 0.08 € 5,290 € 
5.00 50.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 50.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 75.00 161.78     55.00 99.74 75.00 2.45 325,488     99,769 197,940 265,563 € 0.03 € 1,459 € 
5.00 75.00 161.50   1.00 55.00 100.30 75.01 2.22 324,931   102 99,874 198,324 273,188 € 0.04 € 1,672 € 
5.00 75.00 162.68 1.00   85.00 101.15 75.06 2.19 327,304 140   100,267 200,659 405,701 € 0.05 € 3,414 € 
5.00 75.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 75.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
10.00 0.00 108.69     55.00 67.14 66.12 2.12 218,672     103,108 103,221 254,895 € 0.04 € 4,884 € 
10.00 0.00 108.92   1.00 55.00 67.08 66.13 2.20 219,136   104 103,181 103,357 262,486 € 0.04 € 5,094 € 
10.00 0.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 0.00 162.94 1.00   35.00 36.44 80.37 19.40 327,811 133,328   50,716 57,110 394,050 € 0.08 € 5,290 € 
10.00 0.00       55.00   0.00 0.00       201,131 0 772,899 € 0.20 € 39,563 € 
10.00 0.00     1.00 55.00 0.27 0.00 0.00     16 201,148 0 780,762 € 0.20 € 39,786 € 
10.00 0.00   1.00   35.00 5.36 0.00 0.00   6,750   199,360 0 912,146 € 0.24 € 41,367 € 
10.00 0.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 100.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 100.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 25.00 108.69     55.00 67.14 66.12 2.12 218,672     103,108 103,221 254,895 € 0.04 € 4,884 € 
10.00 25.00 108.92   1.00 55.00 67.08 66.13 2.20 219,136   104 103,181 103,357 262,486 € 0.04 € 5,094 € 
10.00 25.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 25.00 162.94 1.00   35.00 36.44 80.37 19.40 327,811 133,328   50,716 57,110 394,050 € 0.08 € 5,290 € 
10.00 25.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 50.00 108.69     55.00 67.14 66.12 2.12 218,672     103,108 103,221 254,895 € 0.04 € 4,884 € 
10.00 50.00 108.92   1.00 55.00 67.08 66.13 2.20 219,136   104 103,181 103,357 262,486 € 0.04 € 5,094 € 
10.00 50.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 50.00 162.94 1.00   35.00 36.44 80.37 19.40 327,811 133,328   50,716 57,110 394,050 € 0.08 € 5,290 € 
10.00 50.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 75.00 161.78     55.00 99.74 75.00 2.45 325,488     99,769 197,940 265,563 € 0.03 € 1,459 € 
10.00 75.00 153.21   2.00 35.00 93.06 75.02 2.93 308,252   1,919 93,682 180,399 270,145 € 0.04 € 2,050 € 
10.00 75.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 75.00 162.68 1.00   85.00 101.15 75.06 2.19 327,304 140   100,267 200,659 405,701 € 0.05 € 3,414 € 
10.00 75.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
20.00 0.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
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(€/yr) 
20.00 0.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
20.00 0.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 0.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
20.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
20.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
20.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
20.00 0.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 100.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 100.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 25.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
20.00 25.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
20.00 25.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 25.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
20.00 25.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 50.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
20.00 50.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
20.00 50.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 50.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
20.00 50.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 75.00 149.76     35.00 91.82 75.03 2.62 301,312     92,015 175,579 252,021 € 0.04 € 1,685 € 
20.00 75.00 152.09   1.00 35.00 92.95 75.10 2.73 305,994   1,020 92,883 179,265 261,291 € 0.04 € 1,828 € 
20.00 75.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 75.00 162.68 1.00   85.00 101.15 75.06 2.19 327,304 140   100,267 200,659 405,701 € 0.05 € 3,414 € 
20.00 75.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
30.00 0.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
30.00 0.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
30.00 0.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 0.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
30.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
30.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
30.00 0.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
30.00 100.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 100.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 25.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
30.00 25.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
30.00 25.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 25.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
30.00 25.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 50.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
30.00 50.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
30.00 50.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 50.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
30.00 50.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 75.00 149.76     35.00 91.82 75.03 2.62 301,312     92,015 175,579 252,021 € 0.04 € 1,685 € 
30.00 75.00 152.09   1.00 35.00 92.95 75.10 2.73 305,994   1,020 92,883 179,265 261,291 € 0.04 € 1,828 € 
30.00 75.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 75.00 162.68 1.00   85.00 101.15 75.06 2.19 327,304 140   100,267 200,659 405,701 € 0.05 € 3,414 € 
30.00 75.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
40.00 0.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
40.00 0.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
40.00 0.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 0.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
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40.00 0.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
40.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
40.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
40.00 100.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 100.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 25.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
40.00 25.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
40.00 25.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 25.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
40.00 25.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 50.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
40.00 50.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
40.00 50.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 50.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
40.00 50.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 75.00 149.76     35.00 91.82 75.03 2.62 301,312     92,015 175,579 252,021 € 0.04 € 1,685 € 
40.00 75.00 152.09   1.00 35.00 92.95 75.10 2.73 305,994   1,020 92,883 179,265 261,291 € 0.04 € 1,828 € 
40.00 75.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 75.00 162.68 1.00   85.00 101.15 75.06 2.19 327,304 140   100,267 200,659 405,701 € 0.05 € 3,414 € 
40.00 75.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
50.00 0.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
50.00 0.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
50.00 0.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 0.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
50.00 0.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
50.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
50.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
50.00 100.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 100.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 25.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
50.00 25.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
50.00 25.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 25.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
50.00 25.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 50.00 104.38     35.00 64.19 66.96 2.27 210,011     95,197 95,335 242,937 € 0.04 € 4,605 € 
50.00 50.00 104.81   1.00 35.00 64.81 66.87 2.11 210,862   1,025 96,125 96,419 251,870 € 0.04 € 4,848 € 
50.00 50.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 50.00 108.74 1.00   85.00 68.45 66.15 1.64 218,772 140   103,644 104,814 395,025 € 0.07 € 6,887 € 
50.00 50.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 75.00 149.76     35.00 91.82 75.03 2.62 301,312     92,015 175,579 252,021 € 0.04 € 1,685 € 
50.00 75.00 152.09   1.00 35.00 92.95 75.10 2.73 305,994   1,020 92,883 179,265 261,291 € 0.04 € 1,828 € 
50.00 75.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 75.00 162.68 1.00   85.00 101.15 75.06 2.19 327,304 140   100,267 200,659 405,701 € 0.05 € 3,414 € 
50.00 75.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
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0.00 0.00 108.45     85.00 67.70 66.12 1.84 218,193     103,353 103,650 255,654 € 0.04 € 4,913 € 
0.00 0.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
0.00 0.00 124.25 1.00   35.00 38.88 95.44 3.74 249,981 112,773   9,635 9,834 344,088 € 0.08 € 4,619 € 
0.00 0.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 0.00       85.00   0.00 0.00       201,371 0 773,912 € 0.20 € 39,615 € 
0.00 0.00     1.00 85.00 0.27 0.00 0.00     0 201,371 0 781,709 € 0.20 € 39,834 € 
0.00 0.00   1.00   85.00 2.15 0.00 0.00   140   201,565 0 916,602 € 0.23 € 41,719 € 
0.00 0.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 100.00 130.04 2.00   85.00 68.53 100.00 0.40 261,629 121,079   0 17,674 526,548 € 0.12 € 7,407 € 
0.00 100.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 100.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 25.00 108.45     85.00 67.70 66.12 1.84 218,193     103,353 103,650 255,654 € 0.04 € 4,913 € 
0.00 25.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
0.00 25.00 124.25 1.00   35.00 38.88 95.44 3.74 249,981 112,773   9,635 9,834 344,088 € 0.08 € 4,619 € 
0.00 25.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 25.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 50.00 108.45     85.00 67.70 66.12 1.84 218,193     103,353 103,650 255,654 € 0.04 € 4,913 € 
0.00 50.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
0.00 50.00 124.25 1.00   35.00 38.88 95.44 3.74 249,981 112,773   9,635 9,834 344,088 € 0.08 € 4,619 € 
0.00 50.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 50.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
0.00 75.00 124.25 1.00   35.00 38.88 95.44 3.74 249,981 112,773   9,635 9,834 344,088 € 0.08 € 4,619 € 
0.00 75.00 162.10     85.00 100.12 75.02 2.39 326,124     99,970 198,750 362,451 € 0.05 € 6,390 € 
0.00 75.00 162.66   1.00 85.00 99.69 75.02 2.63 327,250   0 99,948 198,773 369,965 € 0.05 € 6,594 € 
0.00 75.00 129.51 2.00     69.29 100.00 7.17 260,569 121,103       526,945 € 0.13 € 7,425 € 
0.00 75.00 133.03   151.00   76.42 100.00 18.83 267,636   109,433     1,385,360 € 0.35 € 35,599 € 
5.00 0.00 108.11     55.00 67.73 66.12 1.75 217,505     103,167 103,321 255,135 € 0.04 € 4,903 € 
5.00 0.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
5.00 0.00 124.37 1.00   35.00 38.52 95.36 3.93 250,211 112,470   9,790 9,797 343,780 € 0.08 € 4,611 € 
5.00 0.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 0.00       55.00   0.00 0.00       201,131 0 772,899 € 0.20 € 39,563 € 
5.00 0.00     1.00 55.00 0.27 0.00 0.00     16 201,148 0 780,762 € 0.20 € 39,786 € 
5.00 0.00   1.00   55.00 2.15 0.00 0.00   264   201,471 0 916,147 € 0.23 € 41,695 € 
5.00 0.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 100.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 100.00 130.04 2.00   85.00 68.53 100.00 0.40 261,629 121,079   0 17,674 526,548 € 0.12 € 7,407 € 
5.00 100.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 25.00 108.11     55.00 67.73 66.12 1.75 217,505     103,167 103,321 255,135 € 0.04 € 4,903 € 
5.00 25.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
5.00 25.00 124.37 1.00   35.00 38.52 95.36 3.93 250,211 112,470   9,790 9,797 343,780 € 0.08 € 4,611 € 
5.00 25.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 25.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 50.00 108.11     55.00 67.73 66.12 1.75 217,505     103,167 103,321 255,135 € 0.04 € 4,903 € 
5.00 50.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
5.00 50.00 124.37 1.00   35.00 38.52 95.36 3.93 250,211 112,470   9,790 9,797 343,780 € 0.08 € 4,611 € 
5.00 50.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
5.00 50.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
5.00 75.00 124.67 1.00   35.00 38.30 95.33 4.16 250,833 112,344   9,876 9,926 343,865 € 0.08 € 4,608 € 
5.00 75.00 162.45     55.00 99.23 75.01 2.74 326,837     99,743 197,967 361,510 € 0.05 € 6,358 € 
5.00 75.00 162.66   1.00 55.00 99.69 75.04 2.64 327,250   102 99,828 198,759 369,833 € 0.05 € 6,587 € 
5.00 75.00 124.38 2.00     48.01 100.00 4.35 250,234 119,200       492,070 € 0.13 € 6,719 € 
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5.00 75.00 138.24   116.00   74.71 100.00 23.76 278,132   104,054     1,129,051 € 0.29 € 28,199 € 
10.00 0.00 108.11     55.00 67.73 66.12 1.75 217,505     103,167 103,321 255,135 € 0.04 € 4,903 € 
10.00 0.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
10.00 0.00 124.37 1.00   35.00 38.52 95.36 3.93 250,211 112,470   9,790 9,797 343,780 € 0.08 € 4,611 € 
10.00 0.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 0.00       55.00   0.00 0.00       201,131 0 772,899 € 0.20 € 39,563 € 
10.00 0.00     1.00 55.00 0.27 0.00 0.00     16 201,148 0 780,762 € 0.20 € 39,786 € 
10.00 0.00   1.00   35.00 5.36 0.00 0.00   6,750   199,360 0 912,146 € 0.24 € 41,367 € 
10.00 0.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 100.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 100.00 130.04 2.00   85.00 68.53 100.00 0.40 261,629 121,079   0 17,674 526,548 € 0.12 € 7,407 € 
10.00 100.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 25.00 108.11     55.00 67.73 66.12 1.75 217,505     103,167 103,321 255,135 € 0.04 € 4,903 € 
10.00 25.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
10.00 25.00 124.37 1.00   35.00 38.52 95.36 3.93 250,211 112,470   9,790 9,797 343,780 € 0.08 € 4,611 € 
10.00 25.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 25.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 50.00 108.11     55.00 67.73 66.12 1.75 217,505     103,167 103,321 255,135 € 0.04 € 4,903 € 
10.00 50.00 108.02   1.00 85.00 69.65 66.26 1.13 217,325   0 103,397 105,045 265,212 € 0.04 € 5,181 € 
10.00 50.00 124.37 1.00   35.00 38.52 95.36 3.93 250,211 112,470   9,790 9,797 343,780 € 0.08 € 4,611 € 
10.00 50.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 50.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
10.00 75.00 124.67 1.00   35.00 38.30 95.33 4.16 250,833 112,344   9,876 9,926 343,865 € 0.08 € 4,608 € 
10.00 75.00 123.91 1.00     48.09 100.00 6.44 249,302 113,717       352,575 € 0.09 € 4,717 € 
10.00 75.00 154.18   2.00 35.00 93.09 75.10 3.14 310,203   1,919 93,641 181,361 355,985 € 0.05 € 6,396 € 
10.00 75.00 162.45     55.00 99.23 75.01 2.74 326,837     99,743 197,967 361,510 € 0.05 € 6,358 € 
10.00 75.00 120.84   109.00   58.79 100.00 14.61 243,115   100,899     1,034,711 € 0.28 € 26,056 € 
20.00 0.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
20.00 0.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
20.00 0.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 0.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
20.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
20.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
20.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
20.00 0.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 100.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 100.00 130.04 2.00   85.00 68.53 100.00 0.40 261,629 121,079   0 17,674 526,548 € 0.12 € 7,407 € 
20.00 100.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 25.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
20.00 25.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
20.00 25.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 25.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
20.00 25.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 50.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
20.00 50.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
20.00 50.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 50.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
20.00 50.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
20.00 75.00 110.41 1.00     46.13 100.00 0.92 222,134 103,208       333,799 € 0.09 € 4,522 € 
20.00 75.00 149.51     35.00 92.29 75.05 2.41 300,801     92,026 175,923 333,931 € 0.05 € 5,875 € 
20.00 75.00 151.05   1.00 35.00 94.34 75.13 2.06 303,894   1,020 92,928 179,889 346,256 € 0.05 € 6,180 € 
20.00 75.00 137.07 1.00   35.00 95.35 97.43 0.00 275,776 116,419   6,188 39,142 434,542 € 0.09 € 6,426 € 
20.00 75.00 136.41   92.00   60.08 100.00 28.67 274,440   88,274     928,679 € 0.26 € 22,658 € 
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30.00 0.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
30.00 0.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
30.00 0.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 0.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
30.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
30.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
30.00 0.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
30.00 100.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 100.00 130.04 2.00   85.00 68.53 100.00 0.40 261,629 121,079   0 17,674 526,548 € 0.12 € 7,407 € 
30.00 100.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 25.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
30.00 25.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
30.00 25.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 25.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
30.00 25.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 50.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
30.00 50.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
30.00 50.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 50.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
30.00 50.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
30.00 75.00 104.10 1.00     40.49 100.00 0.14 209,442 94,202       318,639 € 0.09 € 4,286 € 
30.00 75.00 149.51     35.00 92.29 75.05 2.41 300,801     92,026 175,923 333,931 € 0.05 € 5,875 € 
30.00 75.00 151.05   1.00 35.00 94.34 75.13 2.06 303,894   1,020 92,928 179,889 346,256 € 0.05 € 6,180 € 
30.00 75.00 137.07 1.00   35.00 95.35 97.43 0.00 275,776 116,419   6,188 39,142 434,542 € 0.09 € 6,426 € 
30.00 75.00 112.20   82.00   54.88 100.00 18.40 225,740   78,810     818,373 € 0.24 € 20,143 € 
40.00 0.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
40.00 0.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
40.00 0.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 0.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
40.00 0.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
40.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
40.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
40.00 100.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 100.00 130.04 2.00   85.00 68.53 100.00 0.40 261,629 121,079   0 17,674 526,548 € 0.12 € 7,407 € 
40.00 100.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 25.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
40.00 25.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
40.00 25.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 25.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
40.00 25.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 50.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
40.00 50.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
40.00 50.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 50.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
40.00 50.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
40.00 75.00 94.61 1.00     42.68 100.00 0.00 190,355 78,688       310,260 € 0.10 € 4,258 € 
40.00 75.00 149.51     35.00 92.29 75.05 2.41 300,801     92,026 175,923 333,931 € 0.05 € 5,875 € 
40.00 75.00 151.05   1.00 35.00 94.34 75.13 2.06 303,894   1,020 92,928 179,889 346,256 € 0.05 € 6,180 € 
40.00 75.00 137.07 1.00   35.00 95.35 97.43 0.00 275,776 116,419   6,188 39,142 434,542 € 0.09 € 6,426 € 
40.00 75.00 117.04   64.00   63.13 100.00 29.02 235,473   61,702     701,459 € 0.23 € 16,640 € 
50.00 0.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
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50.00 0.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
50.00 0.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 0.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
50.00 0.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 0.00       35.00   0.00 0.00       191,291 0 734,897 € 0.20 € 37,616 € 
50.00 0.00     1.00 35.00 0.27 0.00 0.00     407 191,729 0 744,373 € 0.20 € 37,922 € 
50.00 0.00   1.00   35.00 2.15 0.00 0.00   3,339   195,297 0 892,211 € 0.24 € 40,469 € 
50.00 100.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 100.00 130.04 2.00   85.00 68.53 100.00 0.40 261,629 121,079   0 17,674 526,548 € 0.12 € 7,407 € 
50.00 100.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 25.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
50.00 25.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
50.00 25.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 25.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
50.00 25.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 50.00 105.25     35.00 63.44 66.97 2.87 211,759     95,103 95,109 243,075 € 0.04 € 4,597 € 
50.00 50.00 104.10   1.00 35.00 65.13 66.80 1.80 209,435   1,025 96,203 96,071 252,229 € 0.04 € 4,890 € 
50.00 50.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 50.00 130.67 1.00   35.00 49.59 97.00 2.78 262,900 116,510   6,640 20,216 365,258 € 0.08 € 4,963 € 
50.00 50.00 164.66   41.00   68.76 100.00 55.52 331,289   39,608     594,976 € 0.22 € 12,427 € 
50.00 75.00 93.84 1.00     24.03 100.00 1.20 188,795 85,985       284,148 € 0.09 € 3,677 € 
50.00 75.00 149.51     35.00 92.29 75.05 2.41 300,801     92,026 175,923 333,931 € 0.05 € 5,875 € 
50.00 75.00 151.05   1.00 35.00 94.34 75.13 2.06 303,894   1,020 92,928 179,889 346,256 € 0.05 € 6,180 € 
50.00 75.00 137.07 1.00   35.00 95.35 97.43 0.00 275,776 116,419   6,188 39,142 434,542 € 0.09 € 6,426 € 
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C. Tabulated Optimization results – Off-Grid HRES 
 
Table 38: Off-Grid results (natural gas price=0.6) 








































 cost  
(€/yr) 
1 0 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 0 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
1 0 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
1 0 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
1 0 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 0   60       0 12 227,817 108,180       1,490,746 € 0.379 € 75,378 € 
1 0   60   1 1 0 12 227,822 108,183     39 1,498,931 € 0.381 € 75,608 € 
1 0   60 1   2 0 12 228,062 108,282   589   1,633,879 € 0.416 € 77,505 € 
1 100 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 100 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 25 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 25 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
1 25 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
1 25 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
1 25 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 50 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 50 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
1 50 102 60   15 52 50 31 100,658 48,178 204,724   22,660 974,542 € 0.248 € 39,194 € 
1 50 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 75 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 75 107 60   71 52 75 20 50,064 23,386 215,963   64,956 1,046,433 € 0.266 € 33,107 € 
1 75 565 60 1   66 75 81 50,337 22,787 1,136,085 54,287   1,205,102 € 0.307 € 24,174 € 
1 75 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
0 0 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 0 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
0 0 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
0 0 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 0   60   16 16 0 1 208,716 98,076     27,644 1,486,571 € 0.378 € 71,837 € 
0 0   60 1   33 0 0 224,641 100,624   65,344   1,488,019 € 0.378 € 68,852 € 
0 100 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 100 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 25 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 25 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
0 25 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
0 25 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 50 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 50 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
0 50 102 60   15 52 50 31 100,658 48,178 204,724   22,660 974,542 € 0.248 € 39,194 € 
0 50 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 75 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 75 107 60   71 52 75 20 50,064 23,386 215,963   64,956 1,046,433 € 0.266 € 33,107 € 
0 75 565 60 1   66 75 81 50,337 22,787 1,136,085 54,287   1,205,102 € 0.307 € 24,174 € 
0 75 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
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 cost  
(€/yr) 
10 0 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 0 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
10 0 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
10 0 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 0 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
10 0   60       0 12 227,817 108,180       1,490,746 € 0.379 € 75,378 € 
10 0   60   1 1 0 12 227,822 108,183     39 1,498,931 € 0.381 € 75,608 € 
10 0   60 1   2 0 12 228,062 108,282   589   1,633,879 € 0.416 € 77,505 € 
10 100 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 100 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 25 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 25 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
10 25 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
10 25 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 25 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
10 50 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 50 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
10 50 102 60   15 52 50 31 100,658 48,178 204,724   22,660 974,542 € 0.248 € 39,194 € 
10 50 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 75 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 75 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 75 107 60   71 52 75 20 50,064 23,386 215,963   64,956 1,046,433 € 0.266 € 33,107 € 
10 75 565 60 1   66 75 81 50,337 22,787 1,136,085 54,287   1,205,102 € 0.307 € 24,174 € 
20 0 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 0 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
20 0 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 0 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
20 0 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
20 0   60       0 12 227,817 108,180       1,490,746 € 0.379 € 75,378 € 
20 0   60   1 1 0 12 227,822 108,183     39 1,498,931 € 0.381 € 75,608 € 
20 0   60 1   2 0 12 228,062 108,282   589   1,633,879 € 0.416 € 77,505 € 
20 100 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 100 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 25 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 25 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
20 25 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 25 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
20 25 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
20 50 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 50 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
20 50 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 50 102 60   15 52 50 31 100,658 48,178 204,724   22,660 974,542 € 0.248 € 39,194 € 
20 75 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 75 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 75 107 60   71 52 75 20 50,064 23,386 215,963   64,956 1,046,433 € 0.266 € 33,107 € 
20 75 565 60 1   66 75 81 50,337 22,787 1,136,085 54,287   1,205,102 € 0.307 € 24,174 € 
30 0 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 0 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
30 0 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 0 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
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 cost  
(€/yr) 
30 0 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
30 0   60       0 12 227,817 108,180       1,490,746 € 0.379 € 75,378 € 
30 0   60   1 1 0 12 227,822 108,183     39 1,498,931 € 0.381 € 75,608 € 
30 0   60 1   2 0 12 228,062 108,282   589   1,633,879 € 0.416 € 77,505 € 
30 100 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 100 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 25 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 25 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
30 25 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 25 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
30 25 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
30 50 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 50 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
30 50 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 50 102 60   15 52 50 31 100,658 48,178 204,724   22,660 974,542 € 0.248 € 39,194 € 
30 75 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 75 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 75 107 60   71 52 75 20 50,064 23,386 215,963   64,956 1,046,433 € 0.266 € 33,107 € 
30 75 565 60 1   66 75 81 50,337 22,787 1,136,085 54,287   1,205,102 € 0.307 € 24,174 € 
40 0 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 0 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
40 0 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 0 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
40 0 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
40 0   60       0 12 227,817 108,180       1,490,746 € 0.379 € 75,378 € 
40 0   60   1 1 0 12 227,822 108,183     39 1,498,931 € 0.381 € 75,608 € 
40 0   60 1   2 0 12 228,062 108,282   589   1,633,879 € 0.416 € 77,505 € 
40 100 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 100 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 25 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 25 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
40 25 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 25 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
40 25 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
40 50 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 50 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
40 50 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 50 102 60   15 52 50 31 100,658 48,178 204,724   22,660 974,542 € 0.248 € 39,194 € 
40 75 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 75 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 75 107 60   71 52 75 20 50,064 23,386 215,963   64,956 1,046,433 € 0.266 € 33,107 € 
40 75 565 60 1   66 75 81 50,337 22,787 1,136,085 54,287   1,205,102 € 0.307 € 24,174 € 
50 0 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 0 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 0 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
50 0 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
50 0 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
50 0   60       0 12 227,817 108,180       1,490,746 € 0.379 € 75,378 € 
50 0   60   1 1 0 12 227,822 108,183     39 1,498,931 € 0.381 € 75,608 € 
50 0   60 1   2 0 12 228,062 108,282   589   1,633,879 € 0.416 € 77,505 € 
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50 100 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 100 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 25 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 25 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 25 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
50 25 93 60   13 51 48 28 103,802 49,703 187,338   20,923 970,773 € 0.247 € 39,795 € 
50 25 144 60     50 31 52 138,626 66,393 289,211     1,164,171 € 0.296 € 49,351 € 
50 50 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 50 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 50 94 60 1   55 73 8 54,313 24,610 188,472 61,115   651,335 € 0.166 € 20,365 € 
50 50 102 60   15 52 50 31 100,658 48,178 204,724   22,660 974,542 € 0.248 € 39,194 € 
50 75 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 75 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 75 107 60   71 52 75 20 50,064 23,386 215,963   64,956 1,046,433 € 0.266 € 33,107 € 
50 75 565 60 1   66 75 81 50,337 22,787 1,136,085 54,287   1,205,102 € 0.307 € 24,174 € 
 
Table 39: Off-Grid results (natural gas price=0.45) 








































 cost  
(€/yr) 
1 0 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
1 0 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 0 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
1 0 141 60     50 31 51 139,187 66,673 282,945     968,910 € 0.247 € 39,518 € 
1 0   60       0 12 227,817 108,180       1,173,938 € 0.299 € 59,151 € 
1 0   60   1 0 0 12 227,822 108,182     13 1,181,753 € 0.301 € 59,372 € 
1 0 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 0   60 1   2 0 12 228,062 108,282   589   1,316,774 € 0.335 € 61,263 € 
1 100 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 100 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 25 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
1 25 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 25 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
1 25 138 60     49 30 51 139,944 67,052 277,643     968,977 € 0.247 € 39,689 € 
1 25 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 50 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
1 50 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 833,578 € 0.212 € 31,977 € 
1 50 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
1 75 105 60 1   53 81 8 38,219 17,218 210,593 79,612   514,010 € 0.131 € 12,830 € 
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1 75 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
1 75 106 60   72 60 75 19 50,196 23,151 213,648   62,339 988,301 € 0.251 € 29,713 € 
1 75 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
0 0 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
0 0 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 0 79 60   12 50 46 22 108,013 51,741 158,898   20,094 824,125 € 0.210 € 33,247 € 
0 0   60 1   35 0 0 226,493 101,006   70,600   1,192,898 € 0.303 € 53,675 € 
0 0   60   16 16 0 1 208,716 98,076     27,644 1,199,354 € 0.305 € 57,126 € 
0 0 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 100 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 100 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 25 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
0 25 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 25 79 60   12 50 46 22 108,013 51,741 158,898   20,094 824,125 € 0.210 € 33,247 € 
0 25 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 50 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
0 50 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 833,578 € 0.212 € 31,977 € 
0 50 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 75 105 60 1   53 81 8 38,219 17,218 210,593 79,612   514,010 € 0.131 € 12,830 € 
0 75 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 75 106 60   72 60 75 19 50,196 23,151 213,648   62,339 988,301 € 0.251 € 29,713 € 
0 75 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
10 0 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 0 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
10 0 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
10 0 141 60     50 31 51 139,187 66,673 282,945     968,910 € 0.247 € 39,518 € 
10 0 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 0   60       0 12 227,817 108,180       1,173,938 € 0.299 € 59,151 € 
10 0   60   1 0 0 12 227,822 108,182     13 1,181,753 € 0.301 € 59,372 € 
10 0   60 1   2 0 12 228,062 108,282   589   1,316,774 € 0.335 € 61,263 € 
10 100 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 100 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 25 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 25 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
10 25 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
10 25 138 60     49 30 51 139,944 67,052 277,643     968,977 € 0.247 € 39,689 € 
10 25 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 50 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 50 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
10 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 833,578 € 0.212 € 31,977 € 
10 50 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 75 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 75 105 60 1   53 81 8 38,219 17,218 210,593 79,612   514,010 € 0.131 € 12,830 € 
10 75 106 60   72 60 75 19 50,196 23,151 213,648   62,339 988,301 € 0.251 € 29,713 € 
10 75 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
20 0 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 0 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
20 0 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
20 0 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
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20 0 141 60     50 31 51 139,187 66,673 282,945     968,910 € 0.247 € 39,518 € 
20 0   60       0 12 227,817 108,180       1,173,938 € 0.299 € 59,151 € 
20 0   60   1 0 0 12 227,822 108,182     13 1,181,753 € 0.301 € 59,372 € 
20 0   60 1   2 0 12 228,062 108,282   589   1,316,774 € 0.335 € 61,263 € 
20 100 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 100 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 25 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 25 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
20 25 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
20 25 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 25 138 60     49 30 51 139,944 67,052 277,643     968,977 € 0.247 € 39,689 € 
20 50 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 50 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
20 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 833,578 € 0.212 € 31,977 € 
20 50 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 75 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 75 105 60 1   53 81 8 38,219 17,218 210,593 79,612   514,010 € 0.131 € 12,830 € 
20 75 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 75 106 60   72 60 75 19 50,196 23,151 213,648   62,339 988,301 € 0.251 € 29,713 € 
30 0 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 0 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
30 0 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 0 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
30 0 141 60     50 31 51 139,187 66,673 282,945     968,910 € 0.247 € 39,518 € 
30 0   60       0 12 227,817 108,180       1,173,938 € 0.299 € 59,151 € 
30 0   60   1 0 0 12 227,822 108,182     13 1,181,753 € 0.301 € 59,372 € 
30 0   60 1   2 0 12 228,062 108,282   589   1,316,774 € 0.335 € 61,263 € 
30 100 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 100 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 25 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 25 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
30 25 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 25 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
30 25 138 60     49 30 51 139,944 67,052 277,643     968,977 € 0.247 € 39,689 € 
30 50 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 50 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
30 50 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 833,578 € 0.212 € 31,977 € 
30 75 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 75 105 60 1   53 81 8 38,219 17,218 210,593 79,612   514,010 € 0.131 € 12,830 € 
30 75 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 75 106 60   72 60 75 19 50,196 23,151 213,648   62,339 988,301 € 0.251 € 29,713 € 
40 0 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 0 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
40 0 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 0 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
40 0 141 60     50 31 51 139,187 66,673 282,945     968,910 € 0.247 € 39,518 € 
40 0   60       0 12 227,817 108,180       1,173,938 € 0.299 € 59,151 € 
40 0   60   1 0 0 12 227,822 108,182     13 1,181,753 € 0.301 € 59,372 € 
40 0   60 1   2 0 12 228,062 108,282   589   1,316,774 € 0.335 € 61,263 € 
  -121- 








































 cost  
(€/yr) 
40 100 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 100 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 25 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 25 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
40 25 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 25 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
40 25 138 60     49 30 51 139,944 67,052 277,643     968,977 € 0.247 € 39,689 € 
40 50 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 50 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
40 50 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 833,578 € 0.212 € 31,977 € 
40 75 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 75 105 60 1   53 81 8 38,219 17,218 210,593 79,612   514,010 € 0.131 € 12,830 € 
40 75 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 75 106 60   72 60 75 19 50,196 23,151 213,648   62,339 988,301 € 0.251 € 29,713 € 
50 0 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 0 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
50 0 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 0 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
50 0 141 60     50 31 51 139,187 66,673 282,945     968,910 € 0.247 € 39,518 € 
50 0   60       0 12 227,817 108,180       1,173,938 € 0.299 € 59,151 € 
50 0   60   1 0 0 12 227,822 108,182     13 1,181,753 € 0.301 € 59,372 € 
50 0   60 1   2 0 12 228,062 108,282   589   1,316,774 € 0.335 € 61,263 € 
50 100 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 100 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 25 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 25 105 60 1   53 81 8 38,226 17,229 211,239 79,518   513,967 € 0.131 € 12,830 € 
50 25 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 25 79 60   13 49 47 22 106,971 51,247 159,806   21,056 823,804 € 0.210 € 33,049 € 
50 25 138 60     49 30 51 139,944 67,052 277,643     968,977 € 0.247 € 39,689 € 
50 50 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 50 105 60 1   54 81 8 37,749 16,994 211,448 79,886   513,645 € 0.131 € 12,745 € 
50 50 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 833,578 € 0.212 € 31,977 € 
50 75 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 75 105 60 1   53 81 8 38,219 17,218 210,593 79,612   514,010 € 0.131 € 12,830 € 
50 75 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 








Table 40: Off-Grid results (natural gas price=0.3) 
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0.57 0 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
0.57 0 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
0.57 0 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
0.57 0 116 60     49 28 46 145,379 69,762 233,740     769,391 € 0.196 € 30,590 € 
0.57 0   60       0 12 227,817 108,180       857,130 € 0.218 € 42,924 € 
0.57 0   60   1 0 0 12 227,822 108,182     13 864,939 € 0.220 € 43,145 € 
0.57 0   60 1   2 0 12 228,062 108,282   589   999,669 € 0.254 € 45,021 € 
0.57 0 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
0.57 100 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
0.57 100 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
0.57 25 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
0.57 25 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
0.57 25 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
0.57 25 117 60     49 28 46 145,093 69,620 236,120     769,221 € 0.196 € 30,531 € 
0.57 25 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
0.57 50 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
0.57 50 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
0.57 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 692,526 € 0.176 € 24,752 € 
0.57 50 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
0.57 75 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
0.57 75 128   2   61 100 6     258,352 120,981   514,134 € 0.131 € 7,152 € 
0.57 75 127 60   75 72 75 30 50,109 22,788 255,306   57,239 976,684 € 0.248 € 27,081 € 
0.57 75 129     140 68 100 17     259,849   109,258 1,287,632 € 0.328 € 32,977 € 
0 0 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
0 0 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 0 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
0 0   60 1   35 0 0 227,315 101,195   72,930   896,901 € 0.228 € 38,484 € 
0 0   60   5 9 0 11 227,843 108,188     7,087 905,888 € 0.230 € 44,245 € 
0 0 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 100 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 100 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 25 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
0 25 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 25 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
0 25 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 50 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
0 50 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 692,526 € 0.176 € 24,752 € 
0 50 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
0 75 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
0 75 130   2   69 100 7     260,542 121,103   527,063 € 0.134 € 7,428 € 
0 75 127 60   75 72 75 30 50,109 22,788 255,306   57,239 976,684 € 0.248 € 27,081 € 
0 75 130     152 77 100 17     261,886   109,629 1,389,828 € 0.354 € 35,792 € 
10 0 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 0 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
10 0 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
10 0 116 60     49 28 46 145,379 69,762 233,740     769,391 € 0.196 € 30,590 € 
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10 0   60       0 12 227,817 108,180       857,130 € 0.218 € 42,924 € 
10 0   60   1 0 0 12 227,822 108,182     13 864,939 € 0.220 € 43,145 € 
10 0   60 1   2 0 12 228,062 108,282   589   999,669 € 0.254 € 45,021 € 
10 0 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 100 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 100 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 25 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 25 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
10 25 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
10 25 117 60     49 28 46 145,093 69,620 236,120     769,221 € 0.196 € 30,531 € 
10 25 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 50 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 50 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
10 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 692,526 € 0.176 € 24,752 € 
10 50 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
10 75 124   1   48 100 6     249,302 113,717   352,575 € 0.093 € 4,717 € 
10 75 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
10 75 127 60   75 72 75 30 50,109 22,788 255,306   57,239 976,684 € 0.248 € 27,081 € 
10 75 123     109 58 100 16     248,247   100,908 1,036,904 € 0.276 € 26,062 € 
20 0 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 0 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
20 0 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
20 0 116 60     49 28 46 145,379 69,762 233,740     769,391 € 0.196 € 30,590 € 
20 0   60       0 12 227,817 108,180       857,130 € 0.218 € 42,924 € 
20 0   60   1 0 0 12 227,822 108,182     13 864,939 € 0.220 € 43,145 € 
20 0 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 0   60 1   2 0 12 228,062 108,282   589   999,669 € 0.254 € 45,021 € 
20 100 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 100 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 25 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 25 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
20 25 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
20 25 117 60     49 28 46 145,093 69,620 236,120     769,221 € 0.196 € 30,531 € 
20 25 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 50 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 50 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
20 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 692,526 € 0.176 € 24,752 € 
20 50 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 75 110   1   46 100 1     222,134 103,208   333,799 € 0.093 € 4,522 € 
20 75 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
20 75 134     92 63 100 28     270,594   88,275 930,507 € 0.262 € 22,733 € 
20 75 127 60   75 72 75 30 50,109 22,788 255,306   57,239 976,684 € 0.248 € 27,081 € 
30 0 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 0 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
30 0 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
30 0 116 60     49 28 46 145,379 69,762 233,740     769,391 € 0.196 € 30,590 € 
30 0 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 0   60       0 12 227,817 108,180       857,130 € 0.218 € 42,924 € 
30 0   60   1 0 0 12 227,822 108,182     13 864,939 € 0.220 € 43,145 € 
30 0   60 1   2 0 12 228,062 108,282   589   999,669 € 0.254 € 45,021 € 
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30 100 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 100 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 25 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 25 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
30 25 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
30 25 117 60     49 28 46 145,093 69,620 236,120     769,221 € 0.196 € 30,531 € 
30 25 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 50 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 50 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
30 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 692,526 € 0.176 € 24,752 € 
30 50 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 75 104   1   40 100 0     209,442 94,202   318,639 € 0.092 € 4,286 € 
30 75 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
30 75 112     82 55 100 18     225,740   78,810 818,373 € 0.245 € 20,143 € 
30 75 127 60   75 72 75 30 50,109 22,788 255,306   57,239 976,684 € 0.248 € 27,081 € 
40 0 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 0 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
40 0 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
40 0 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 0 116 60     49 28 46 145,379 69,762 233,740     769,391 € 0.196 € 30,590 € 
40 0   60       0 12 227,817 108,180       857,130 € 0.218 € 42,924 € 
40 0   60   1 0 0 12 227,822 108,182     13 864,939 € 0.220 € 43,145 € 
40 0   60 1   2 0 12 228,062 108,282   589   999,669 € 0.254 € 45,021 € 
40 100 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 100 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 25 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 25 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
40 25 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
40 25 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 25 117 60     49 28 46 145,093 69,620 236,120     769,221 € 0.196 € 30,531 € 
40 50 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 50 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
40 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 692,526 € 0.176 € 24,752 € 
40 50 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 75 95   1   43 100 0     191,146 79,330   311,685 € 0.098 € 4,284 € 
40 75 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
40 75 117     64 63 100 29     235,473   61,702 701,459 € 0.230 € 16,640 € 
40 75 127 60   75 72 75 30 50,109 22,788 255,306   57,239 976,684 € 0.248 € 27,081 € 
50 0 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 0 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
50 0 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 0 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
50 0 116 60     49 28 46 145,379 69,762 233,740     769,391 € 0.196 € 30,590 € 
50 0   60       0 12 227,817 108,180       857,130 € 0.218 € 42,924 € 
50 0   60   1 0 0 12 227,822 108,182     13 864,939 € 0.220 € 43,145 € 
50 0   60 1   2 0 12 228,062 108,282   589   999,669 € 0.254 € 45,021 € 
50 100 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 100 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 25 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 25 106 60 1   54 83 6 34,270 15,423 212,826 84,391   452,529 € 0.115 € 9,605 € 
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 cost  
(€/yr) 
50 25 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 25 77 60   12 50 46 21 108,296 51,879 155,818   20,185 672,389 € 0.171 € 25,550 € 
50 25 117 60     49 28 46 145,093 69,620 236,120     769,221 € 0.196 € 30,531 € 
50 50 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 50 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
50 50 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
50 50 101 60   15 53 50 31 100,645 48,165 203,132   22,681 692,526 € 0.176 € 24,752 € 
50 75 94   1   27 100 0     188,925 82,541   288,878 € 0.092 € 3,784 € 
50 75 107 60 1   52 83 7 34,370 15,491 215,522 83,896   452,715 € 0.115 € 9,610 € 
50 75 166     41 70 100 56     333,807   39,608 597,817 € 0.222 € 12,470 € 
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